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(57) An Inptantable medical device comprising a 
dnjg-loaded pblymer overlaid with a fabric that pro- 
motes tissue ingrowth is useful in a wide variety of tis- 
sue engineering applications. The invention includes, 
for exanple. prosthetic heart valves, annulopiasty rings, 
and grafts, having enhanced biocompatibility and 
biostability. Methods of making and using the implanta- 
t)le medical devices of the invention are also included. . 
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Description 

[0001 ] This invention relates generally to mecfical implantable devices, specifically prosthetic heart valves, annido- 
plasty rings, and grafts, with enhanced biocompatibility and biostabiiity. 

5 [0002] Heart valve disease falls into two major categories: acquired or congenital. In either case, the valve arxl/or 
the subvalvular apparatus Is damaged. Damage of these structures can lead to valves becoming either Incompetent or 
stenotic. Incompetent valves suffer from degenerative changes leading to enlargement of the valve anrmlus. Enlarge- 
ment of the annuius forces leaflets apart As the leaflets get father apart, the leaflets do not meet property, causing 
improper leaflet coaptation. This inability to dose properly results in improper blood flow through the heat and eventu- 

10 ally requires surgical confection either by valve repair or replacement Valve repair, also known as valvular annuloplasty, 
Involv^ repairing the valve annuius by reinforcing the structure with a ring-shaped device or band fashioned from doth 
materials. By property sizing and installing the device, known as an annuloplasty ring, the surgeon can restae the valve 
annuius to Its original, undilated circumference. This annular restoration will bring the leaflets back into correct aligrh 
ment and restore valve competence. 

IS [0003] Stenotic valves are valves in which the leaflets have lost their ability to move freely. Besides altowing for 
regurgitant flow across the valve, stenotic valves have a decrease in the valve orifice area. The decrease in orifice area 
creates large transvalvular pressure gradients. This condition forces the heart to work harder. The result is enlargement 
of the ventricles. Surgical procedures to correct such conditions require valve replacement. 
[0004] Currently there are two types of prosthetic valves that can be used to replace failing valves: 1) mechanical 

20 and 2) bioprosthetic. 

[0005] Mechanical valves are valves made of non-blological materials, consisting of a valve housing, a flow 
ocduder, and a sewing ring. Bioprosthetic valves are composed of housing (known as a stent), a flow ocduder (usually 
pericardium or aortk; root tissue from animal sources that has been chanically preserved) and sewing ring. Like annu- 
loplasty rings, mechanical and bioprosthetic valve sewing rin^ are composed of polyester cloth material constructed 
25 in either a knitted or woven configuration. The configuration of the doth allows for cellular infiltration into the interstices 
of the fabric enabling the prosthesis to "heal in". The "healing in" process aeates a bk>logical surface that is no^thrDn^^ 
bogenic and acts as a k>anier to transvalvular leaks. 

[0006] Histork:ally, polyester was chosen as the cloth material because of the healing response it elicited. Polyester 
was also chosen for its chemical inertness and resistance to enzymatk: degradation. However, implantation of these 

30 nonresort)able materials permanently alters the microenvironmerrt of the.tissue where it is implanted. At the time of 
implantation the tissue of the valve annuius undergoes trauma from leaflet removal, dissecting away damaged and/or 
mineralized tissue, handling, sizing and suturing operations. The trauma results in the generation of a wound, with heal- 
ing of the wound involving an inflammatory response. The nature and extent of the inflammatory response is dependent . 
on the size of the wound bed as well as the nature of tiie material implanted into the wound. The result can be incom- 

35 plete or inproper healing. 

[0007] In its simplest terms, the Inflammatory response is divided into two phases, an acute phase and a chronic 
phasa Full details of the events of each phase are well documented by Shankar et al. (Chapter 5. 'Inflammation and 
Biomaterials" in Implantation Biology, Host Response and Biomedical Devices. Ralph S. Greco. Ed.. CRC Press, Inc., 
Boca Raton. FL, 1994, 68-80). If the acute inflammatory response is not totally resolved it can progress to the chronic 

40 phase. The sequelae of events in the chronic inflammatory response can result in serious complications to valve func- 
tion. Along with the deposition of inflammatory cells and the accunrujiation of cellular and proteinaceous bkxxJ elements, 
there is the formation of a f ik)rous sheath (of host origin) known as pannus. This fbrous tissue develops as an extension 
of the tissue healing the sewing ring. In the case of bioprosttietic tissue valves, if the inflammatory response is not 
resolved, the resulting pannus continues to grow, with the advancing fibrous tissue extending out onto the leaflets caus- 

4S ing stenosis and/or incompetence. In addition to causing stenosis by inhibiting leaflet function, tissue overgrowth has 
been shown to cause leaflet retraction in pericardial valves, resulting in dinically significant regurgitation. Blood stasis 
or pooling is anottier result of compromised leaflets. The progression of valve dysfunction in bioprostiiesis is patient- 
dependent and relates to how aggressive the patients inflammatory response is to tiie implant The progression of 
healing for mechanical valve recipients is simitar to that observed with bioprosthetic txit can have even wore serious 

so consequences. Tissue growtti onto the valve can ot>struct the occluder causing catastrophic failure of the valve. Thus, 
replacement valves, whether bioprosthetic or mechanical, often have shortcomings which may necessitate their 
removal. Because of the exuberant pannus growtii into and onto ttie sewing ring of tfiese valves, however^ removal off 
the valves requires extensive dissection, making subsequent operations even more difficult 
[0008] Medical devices containing pdymers are known to indude ttierapeutic agents for delivery to surrounding tis- 

55 sue. For example, stents have been designed with polymeric coatings or films that incorporate a wide variety of thera- 
peutic agents, such as anti-inflammatory agents. anti-thromtx)genic agents, and anti-proiiferative agents, for a wkle 
variety of purposes. Antimiaobial conpoumte have been incorporated into polymeric portions of medical devices for 
sustained release to the sunxxinding tissue to enhance infection-resistanca Medical electrical leads have incorporated 
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steroids into or at the lead tip electrode, to reduce source impedance and lower peak and chronic pacing thresholds. 
However, to date antinnf lamniatory agents have not been recognized as useful for improving the biooompatibility and/or 
btostabllrty of biomaterials used in implantable medical devices, particularly those that may need to be removed. 
[0009] The polyester fabric typically used for manufacturing sewing rings of cardiac prosthetic valves, as well as 
annuloplasty rings and stent coverings, is thrombogenic and inflammatory in nature. It is known to activate complement 
and coagulation cascades, and has demonstrated a higher propensity for platelet deposition and thrombus formation 
prior to healing arKi tissue incorporation. It has been postulated that the thromboreactivity of the sewing ring material is 
the main culprit in the high inckiences of thromboemboli related phenomena observed in the early postoperative period 
(T Orszulak et al., 8th Annu. Meeting Eur. Assoc. Cardiacthoradc Surg. 1994S8; P. Perier et a!., In E Bodner et al.. 
Eds.. Bk>logic and Bioprosthetic Valves. \brk Mecfical Books. 1986: 51 1-520). 

[001 0] There have been numerous attenpts to treat polyester for the purpose of Improving Its function in viva Most 
have focused on reducing thromboreactivity of polyester in the hopes that the healing response would be accelerated, 
thereby preventing further contact with blood elements. Examples include: albumin impregnation. cartx)n coating, pre- 
clotting of the polyester fabric, cell seeding, synthetic p^tide attachment, bask: fibroblast growth factor (bFGF) attach- 
ment, fbrin coating containing bFQF and heparin, and polyurethane coating. 

[0011] kieally, medical implants should heal in well, without excessive tissue overgrowtii. and allow fbr the estab- 
lishment of a smooth neointimal transition between host and prostiiesis. Reduction off the inflammatory response to 
porous materials such as polyester fabrk;s would be an inportant step toward complete healing of the surgical implant 
wittiout the long term consequences of stenosis, regurgitation or catastrophk; failure. 

[0012] Many of the fbltowing lists of patents and nonpatent documents disclose information related to mednal 
devkses containing anti-inflammatory agents, particularly sterols. Others in the fbllawing lists relate inflammatory 
responses to polyester fabrk» such as Dacron™; still others relate generally to btomaterlals and human response 
mechanisms. 
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[001 3] The present invention is directed at enhancing the biocompatibirrty and/or biostability of Implantable medical 
devices. To do tfils, the present invention does not involve modifying the chemistries of the constituent materials of the 
so devices, rather it involves using anti-inflammatory agents as biological response modulators to control the host's 
response to the constituent materials. 

[0014] The term "biostable" is used herein with reference to a materlaTd chemical and physical stability during 
implantation in living t'ssua More specifically, it ref^ to resistance to the degradative phenomena to which the material 
is exposed during the acute and chronic host response (ag.. inflammation). In the context of the present invention. 
55 improving the biostability of a material does not involve changing the chemistry of the material: rather, it focuses on 
down-regulating the cellular response to the material. Thus, as used herein. bio^abOity refers to the effects of cells and 
tissues on materials. 

[001 5] The term "biocompatible" is used herein with reference to the degree of host response elicited by a material 
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upon implantation. Typically, this is evaluated by assessing the inflammatory phenomenon, particularly in sunounding 
tissues. Less inflammation or biological distuit>ance suggests better biocompatibtlity and vice versa. Thus^ as used 
herein, blocompatibilrty refers to the effects of matenals on cells and tissues. 

[0016] Various embodiments of the present invention are intended to fulfill one or more of the following objects: to 
5 enhance material biocompatibilrty; to enhance material biostabilrty; to reduce acute inflammation; to reduce chronic 
inflammation; and to reduce fibrous tissue fonration (e.g.. reduced tissue encapsulation or pannus). Specifically, the 
present invention seeks to minimize the host inflammatory response to an implanted medical device, such as a pros- 
thetic heart valve, annuloplasty ring, stent or pacemaker, that utilizes an inflammatory material, such as Dacron™ (pol- 
yethyleneterephthalate) fabric or PTFE (polytetrafluoroethytene) as a covering or overlay to form a surface in contact 
10 with the host tissue and/or bodily f lukis. 

[0017] The present inventk>n has a number of advantages over prior art implantable devtees including controlled 
healing, minimal pannus growth, sustained leaflet function, decreased risk of infection, decreased risk of thrombus for- 
mation and embolization, and increased valve durability. Reduction of the acute inflammatory response to implantable 
devices has a beneficial effect on the chronte inflammatory responsa If the post-surgical inflammatory response is able 
IS to resolve itself at the acute phase, true healing of the surgical implant can occur without the tong term consequences 
of stenosis, regurgitation or catastrophic fiailura Control of the healing response prevents or reduces the deleterious 
effects of pannus fbrmatton on valve function and durability. 

(0018] implantable medical devices of the invention include, but are not limited ta prosthetic heart valves (botii 
mechanical valves and tissue valves), annuloplasty rings for valvular repair, vascular grafts, sewing rings, stents, med- 

20 leal leads and catheters, pacemakers, and ref illable drug pumps for long-term sustained drug delivery, such as the Syn- 
chroMed® implantable infusion system (Medtronic. Inc., Minneapolis, Mt^. An implantable device of the invention has 
a body tissue or fluid-contacting surface (an "overlayer") comprising a fabric that can take the form of a sheath, a pouch, 
an encasement a layer, a film, a coating, or the like, such that the fabric is in contact witti body tissue or f lukis such as 
blood. A fabric is by definition porous, and can be woven or knitted. Preferably a polymer fabric is used as the overiayer. 

25 which is woven or knitted from polymer fft>ers. Nohpolymeric fabrics, however, such as collagen fabrics compr^ng 
woven fibrils of collagen, arei also contemplated. A fabric possesses a rough or textured surface, which is advantageous 
because a textured surfece facilitates the healing response. A biost^e polymer fabric is particularly preferred for use 
in the present invention. Most preferatsly, the overiayer comprises a t)iostable polyester fkbric. 
[0019] The inplantable device further includes, under the fabrk; overiayer, a body portion that serves as a phyak^l 

30 support. The body portion imparts mechanical strengtii to the devrce and provides a structure or framework to give the 
device shape and form. The body portion is not limited to any particular constituent material, and it can be porous or 
nonporous, biodegradable or biostable, flexible or inf lexble, as indicated by the intended use. It can, for exampla, com- 
prise one or more of a polymer, a metal, a metal altoy. a body tissue (e.g., pericardium, fascia lata, duramater. intestinal 
mucosa), a collagen sponge or gel. or synthetic peptide mixtures or gels. The body portion d the devk;e can take the 

35 form of an underlayer. structure, or insert, for exanple. It should be understood that the fabric overiayer and the body 
portion of the device can, but need not, be in cfirect physical contact wrtti each other; in other words there can. but need 
not be, a space between all or a portion of the fabric overiayer and all or a portion of the body portion of the device. 
Physical contact between tiie overiayer and the body portion, tf It occurs, can be inckJental, or it can be intentional, as 
where the fabric overiayer is adhered to the body portion. Moreover, although the fabric overiayer typically completely 

40 surrounds, encloses, or encases the body portion of the implantable device, it is to be understood that the invention 
nonetiieless includes implantable devices wherein only a portion of the body portion of tiie device overiaki tiy the fak>- 
ric overiayer. For example, a fabr» sheet could be adhered to a selected surface of the body portion of the devk^. 
[0020] The constituent material of the body portion of tiie implantable devk;e is in intimate contact witti a therajpeutic 
ag^. such as a steroidal or nonsteroidal anti-inflammatory agent, that controls, reduces or attenuates the body's 

45 inflammatory response to tiie implanted medical device, and which is capable of eluting through tiie fabric overiayer. 
The anti-inflammatory agent is preferably, a glucocorticosteroid. such as dexamethasone, a derivative thereof, or a salt 
thereof. The therapeutic agent can be coated onto, or impregnated or imbibed into, or covalentiy bonded to, the body 
portion of ttie device, for example. Alternatively, the therapeutic agent can be placed in a tiqukJ core of the body portion, 
such ttmt it can diffuse tiirough a porous metal or polymer body portion or be delivered via channels formed in an oth- 

50 erwise nonporois body portion. Preferably, tiie body portion of the device contains an t>iostable polymer in Intimate con- 
tact witti an anti-inflammatory agent In addition or alternatively, ttie body portion of the device can include one or more 
ottier tiierapeutic agents, including anti-infection agents such as antimicrobial drugs and bacteriostatic agents such as 
silver. Fbr exafTq3le. prosttietic valve endocarditis^ whk^h remains a dangerous complication following heart replace- 
ment, can be prospectively treated by incorporating an antibiotic into ttie insert of ttie sewing ring of the prosttietic heart 

55 valve. 

[0021] According to one aspect, the present invention provkfes an implantable medical device comprising a txxJy 
portion overiakj by a fabrk; overiayer, ttie body portion comprising a cor^tuent material in intimate contact witti a 
releasaUe therapeutic agent . 
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[0022] Aocording to another aspect, the present invention provides a bioprosthetic heart vatve comprising a poly- 
mer insert containing struts attached to tissue leaflets to form a valve housing, wherein a fabric sheath encloses the pol- 
ymer insert to form sewing ring, said sewing ring attached drcumferentlally to the base of the valve housing, the valve 
further comprising an releasable therapeutic agent in intimate contact with the polymer insert 
5 [0023] According to a third aspect the present invention provides A mechanical heart valve comprising a metallic 
ringed valve housing containing a central metallic strut along which a flow occluder disk moves, wherein a fabric sheath 
encloses a metal insert to form a sewing ring, the valve further comprising a releasable therapeutic agent in intimate 
contact with constituent material of the insert 

[0024] . Aocording to a fourth aspect the present invention provides an inplantablelnfus^ 

10 

a pump comprising an interior space for containment of a liquid; 
a delivery catfieter for delivery of tiie liquid to a patient; and 
a polyester pouch surrounding the pump; 

said pump furtiier comprising a constituent material in intimate contact with an anti-inflammatory agent said anti- 
15 inf lammatay agent capable of being released from the pump arKi eluting through the polyester pouch. 

[0025] Accordingly, one or more objects of the present Invention are achieved by an implantable medical device 
having one or more of the following features: (a) a fabric overlayer through which a tiierapeutic agent can elute; (b) a 
fabric overiayer which serves as a means for securing the device to the patient's body, and functions as a surface that 

20 promotes tissue ingrowtti; (c} a body portion in intimate contact with a releasable therapeutic agent; (d) one or more 
therapeutic agents coated onto or compounded into the body portion of the device beneath the fabric overiayer. such 
that the tiierapeutic agent(8) are capable of eluting through the fabric overiayer; (e) a body portion containing an encap- 
sulated drug reservoir containing one or more therapeutic agents capable of eluting from the body portion through the 
fabric overiayer; and (f) an anti-inflammatory agent such as dexamethasone. capable of eluting through the fobric over- 

25 layer so as to mediate an overexuberant healing response to tiie implanted devica 

[0026] . An important aspect of the present invention is that the txxjy's inflammatory response to the fabric overiayer 
or encasement of the implantat)le device is controlled not by modifying the fabric overiayer HseK. but by modifying the 
body portion of the device which is sunounded. covered or encased by the fabric overiayer. Thus, desirable properties 
of the fabric overiayer (for example, its porosity, flexibility, texture, suturability, tensile strengtti. durability, aterilizability 

30 and biocompatibility) are not corrpromised. 

[0027] Significantiy, implantaksle medical devices of the invention can be used to modulate tissue encapsulation, 
pannus formation, and polymer degradation when implanted into a patient Thus, the present invention may be used to 
modulate tissue encapsulation, pannus formation, or degradation of a medical electrical lead or indwelling catheter by 
implanting the prosthetic heart valves (both mechanical valves and tissue valves), annuloplasty rings for valvular repair, 

55 vascular grafts, sewing rings, stents, medical leads and catiieters. and pacemakers described above. 

[0020] The present invention also provMes a method of making an implantable medical devfoe comprising:. 

incorporating a therapeutic agent into an annular insert comprising a constituent material, such that the therapeutic 
agent Is in intimate contact witii the constituent material; 
40 enclosing the annular insert in a ^ric sheath. For example, an embodiment of the inv^on provides a mettxxJ of 
making a medical sewing ring for use in a prosthetic heart valve or arinuloplasty ring, which rings comprise a body 
portion (i.e.. an annular insert enclosed by a fabric covering. A therapeutic agent is incorporated into the annular 
insert such that it can subsequentiy elute from tiie insert and through tiie fabric overiayer. Preferably, the sewing 
ring insert conrprises a nonporous polymeric material; more preferably, the insert is made from liquid silicone rub- 
45 ber and. optionally is made radiopaque by the incorporation of barium sulfate. TTie sewing ring insert is preferably 
flexible, and the radiopadty of tiie insert allows the presence of the device to be monitored after completion of the 
implant surgery. The insert is conipleteiy enclosed by fabric sheatti. for example a cloth-like material such as 
Dacron™ polyester. The sheath is made by folding a dotii sheet around the insert then sewing the folded ends 
together. The combination of the insert and sheath result in a ring which is completely flexfole yet essentially non- 
50 extensible. 

[0029] Preferred embodiments will now be described, by way of example only, witii reference to the accompanying 
drawings. 

55 Rgure 1 is a simplified schematic view of illustrative implanted medical devices embodying the present invention: 
(a) a pacemaker in a polyester pouch and (b) mechanical and bioprostiietic heart valves with a polyester fabric 
sewing rings; SVC. superfor vena cava; RA. right atrium; TV, tricuspid valve; IVC, inferior vena cava; RV, right ven- 
tricle; LV. left ventricle;; PV, pulmonary vein; LA left atrium, RA, pulmonary artery; Ao. aorta.. 



9 



EP1023a79A2 

Rgure 2 shows a bioprosthetic heart vah«: (a) plan view, (b) section along line 4-4 of (a): and (c) superior view of 
the valve. 

Rgure 3 is shows a mechanical heart valve: (a) valve; (b) valve without sewir^ ring; and (c) superior view of valve. 
Rgure 4 is a plan view of an annuloplasty rir^.; 
5 Figure 5 is a section along line 2-2 of Rg. 4; 

Rgure 6 is a graph showing in vitro hydroperoxide formation in: standard culture media (no cells) containing pdy- 
etherurethane specim^s (presoaked in acetone "AS"); poiyetherurethane (AS) specimens stored in the dsak 
under ambient conditions; and standard culture media with rabbit Mo/Mes containing poiyetherurethane (AS) spec- 
imens. 

10 Rgure 7 is a graph showing in vitro hydroperoxide formation in: standard culture media with human Mo/Mes con- 
taining poiyetherurethane specimens (with and without presoaldng in acetone); standard culture media with human 
lymphocytes containing poiyetherurethane (AS) spedmens; and standard culture media with human Mo/M^ con- 
taining poiyetherurethane (AS) specimens plus dexamethasone sodium phosphate at 0.024 ^gAml (*) and 240 
\iQM (+++). 

IS Rgure 8 is a bar chart of hydroperoxide concentration in polymer speamens with and without dexamethasone crfter 
a 40-day macrophage treatment step. 

Figure 9 shows a graph of the amount of dexamethasone elution per material surface area (cm^ over a period of 
32 days. 

Rgure 10 is a bar chart showing graphically the overall environmental stress cracking In explants at 6 weeks and 
20 . - 10 weeks. Data were summarized using the highest (most severe) score of surface damage observed In the 
explamed biostability sampler Optical mteroscopic observation at 70X tot^ 

Rgure 1 1 is a graphical representation of the comparative total cell count in cage exudate in response to dSfferent 
PU materials: 1 D a 1% dexamethasone in polyurethane; 20D = 20% dexamethasone in polyurethane; A = control; 
and EC s empty caga 

£5 Rgure 12 is graphical representation of in vitro elution of dexamethasone from dexamethasone-coated leads. 
"Low" (1%DEX/PU) and "High" (5% DEX/PU) loadings were used. Elution percentages of the total theoretical dex- 
amethasone loading was determined in PBS at 37*C. 

Figure 13 is graphical representation of in vitro elution of dexamethasone from dexamethasone-coated leads per 
surface area vs. time. "UmT (1%DEX/PU) and "High" (S% DEX/PU) loadings were used. Elution was conducted in 
30 PBS at 37*0. 

Rgure 1 4 is graphical representation of in vitro elution of dexamethasone from dexamethasone-coated leads fol- 
lowing 90 days in vivo implantation. "Low" (1%DEX/PU) and "High" (5% DEX/PU) loadings were used. Eution per- 
centages of the total theoretical dexamethasone loading was determined in PBS at 37**C. 
Figure 15 shows in vitro elution profiles for DEX-loaded silicone inserts having different weight percentages of 
35 DEX. 

Rgure 16 shows (a) a comparison of tiie elution profDes of DEX-loaded inserts and DEX/DMP-loaded inserts; and 
(b) a breakdown of DEX and DMP elution from DEX/DMP-loaded inserts; 

Rgure 17 shows the suppressive effects of dexametiiasone eluted from DEX-loaded inserts on the production of 
the Inflammatory cytokines (a) tumor neaosis factor a. (TNF-a) and (b) interieuWn la (IL-1a). 
40 Rgure 18 shows the effect of a polyester encasement on elution of dexamethasone from a silkx)ne sample (a) 1% 
DEX; (b) 2.5% DEX; (c) 1%DEX/DMR 

Figure 19 shows white blood cell density as a function of time fbr rats treated witti Si/DEX samples and control rats. 
Rgure 20 shows hemotoxylln and eosin stained histological sections of explanted S!lkx)ne samples after 21 days; 
(a) control sample (Si with no DEX) at an original magn'rfication of 100X (Is inner surface of tiie Dacrond fabric tiie 
45 sk:le ttiat was in contact with tiie silicone insert; 2o outer surface of the Dacron™; * = individual Daaon^ fibers); (b) 
500X image of the stained control; the an^ow heads point to the presence of single and multi-nucleated macro- 
phages around ttie fibers; (c) 1 0OX image of a sample containing DEX; and (d) 200X image of a sample containing 
DEX. 

so [0030] The present inverition is directed at enhandng the biocompatbility and/or biostability of p^^ 

by modulating cellular behavior involved in biological defensive mechanisms, such as phagocytosis and enzymatic and 
oxidative mechanisms, and upregulatton of cytokine signalling that amplifies the inflammatory response This does not 
involve rrxxiifying ttie chemistries of the polymers perse, rather It Involves using biological response nrxxiulators to "pro- 
tect" ttie polymers. Significantly, H has been discovered that elution of such biological response modulators at ttie inter- 

55 face between the polymer and the sunrounding tissue (solid or liquid tissues, ag.. blood), modulates ttie behavior of 
cells at that interface. As a result, the polymer is exposed to fewer cell-produced damaging agents, such as reactive 
oxygen species. In essence, ttie defensive mechanisms of cells in response to foreign materials is down-regulated by 
the present Invention. 
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[00311 To this end, one embodiment of the present invention provides an implantable medical device having a body 
portion comprising a constituent material in intimate contact with a therapeutic agent such as an antinnflammatory 
agent the body portion overlayed by a porous fabric. The anti-inflammatory agent elutes from the body portion of the 
device, through the fabric, and is effective in modulating the behavior of cells in contact with the implanted device. Sig* 

5 nificantly. the anti-inflammatory agent moderates certain cellular activities at the site of the implant that causes inflam- 
mation, for example. Such cellular activity includes upregulation of specific signaling pathways that an^ify the 
inflammatory response, leading to exuberant tissue growth, inaease in metaloprotease activity, and oxidative burst 
Exuberant tissue growth refers to fa)rous tissue formation as a result of cellular proliferation and deposition of extracel- 
lular components, including collagen, elastin. and f ibronectin. The result is encapsulation of tfie implant and/or the fbr- 

fo mation of pannus, which can be detrimental because exuberant tissue growth can decrease the orifice area of the 
prosthetic valve and encroach onto valve leaflets, inhibiting freedom of movement leading to vahfe stenosis. Oxidative 
burst refers to ttie ability of phagocytes to consume oxygen and produce reactive oxygen species such as hydroxyl rad- 
icals, superoxide, hydrogen peroxide, and other reactive oxides and peroxides. It tends to cause degradation of the pol- 
ymer of which the implant is made. Some polymers are more resistant to oxidative degradation than others: they include 

15 fluoroelastomers such as poly(tetrafluoroethylene) (PTFE), poly(tetrafluoroethylene-hexafluoropropylehe) (FEP). 
poly(tetrafluoroethylenei5erfluoro-(propylvinylether)) (PFA), poly(elhyl-tetrafluorethylene) (ETFE); and other polymers 
such as polyvlnylchioride (PVC). polyimides. polysulfones. polyolefins such as polypropylene, polyetiiylene and ethyl- 
ene-propylene copolymers, and silicones. Hydrolysis of polymeric materials is also a concern. 
[0032] The anti-inflammatory agent is preferably localized at the surface of the body portton of the device, from 

20 which it tiien passes through the fabric overiayer. Alternatively, it can be eluted from a remote site within the medical 
device, as long as upon elution it passes through the fabric overiayer. Initial release of the anti-inflammatory agent at 
the site of implantation is believed to reduce cell-associated propagation of the inflammatory signal. Sustained release 
Is believed to maintain a low level of activation and differentiation of cells that come in contact with the tissue-contacting 
surface. 

25 [0033] The body portion of the medical device of the Invention preferably comprises about 0.01 weight percent (wt- 
%) to about 1 0.0 wt-% therapeutic agent, more preferably atx>ut 0. 1 wt-% to about 5 wt-% ttierapeutic agent. Of course, 
the amount of therapeutic agent loaded into the device depends on the efficacy of the agent the purpose for which it is 
being administered, the age and condition of the patient and the intended duration of treatment tt Is well within the skill 
of one skilled in the relevant art to determine effective therapeutic dosages. 

30 [0034] Optionally, the body portion of the medial device comprises an Inert agent that facilitates noninvasive detec- 
tion of the implanted device. For example, barium sulfate and platinum oxide can be used to allow detection of the 
device by x-ray or fluoroscopy. Alternatively, the surfoce of the body portion of the device can be made echogenic (see, 
e.g., Bosley. U.S. Pat Na 5.289,831; Bosley et at. U.a Pat 5,201.314; Bosley et al.. US. Pat. Na 5.081,997; and 
Rammler. U.S. Pat No.5.327.891) to enhance ultrasound Imaging. For example, an echogenic material such as zinc 

35 oxide. Iron oxide, or titanium oxide can be Incorporated Into the body portion of tiie device to make it ultrasound visSsle. 
[0035] A suffldent amount of a biostable polymer must be included to Impart to the body portion of the device tiie 
desired characteristics, such as tensile strength and durometer flexibility. For example, where silicone is used, the body 
portion of the device preferably comprises about 43 wt-% to about 57 wt-% silicone. In a particularty preferred embod- 
iment, the body portion of the medical device comprises about 50 wt-% to about 55 wt-% medical grade silicone, about 

40 50 wt-% to about 45 wt-% barium sulfate, and about O.i wt-% to about 1.5 wt-% tfierapeutic agent, preferably dexame- 
thasona 

[0036] The invention is described herein with particular reference to prosthetic heart valves, annulopiasty rings, and 
grafts, more particulariy witfi respect to medical devices that include sewing rir^ having silicone or polyurethane 
inserts and polyester fabric encasements. Nonetheless, it is to be understood ttiat the invention is generally applicable 
45 to any Implantable medical device, additionally Including, for example, stents, medical leads, cattieters, and pacemak- 
ers, that can include a fabric overiayer of any type. Including for example a sheatii, an encasement a ICQfer, or a coating, 
such ttiat ttie fabric overiayer is in contact witti body tissue or fluids such as blood. 

[0037] For exanrple. Rgure 1 (a) is a simplified schematic view of an implanted medical device 200 enixxJying the 
present invention. Padng and sensing lead 21 8 is attached to an hermetically sealed enclosure 21 4 and implarrted near 

so human heart 316. Implantable medical device 200 is encased in a polyester pouch 201 ; and the body (212, 214) of 
implantable medical deAce 200 contains an elutable anti-inflammatory drug such as dexamethasone. In the case 
where implanted medical device 200 is a pacemaker it includes at least one or botti of pacing and sensing leads 216 
and 216. Pdctng and sensing leads 216 and 218 sense electrical signals attendant to the depolarization and re-polari- 
zation of tiie heart 31 6, and provide padng pulses for causing depolarization of cardiac tissue in the vidnity of the cfistal 

55 ends thereot Implantable medical device 200 may be an implantable cardiac pacemaker such as tiiose disdosed in 
U.S. Patent ISkx 5.158.078 to Bennett et al. US. P&tent Na 5.312,453 to Shelton et al. or US. P&tent No. 5.144.949 to 
Olson. 

[OOSq Implantable medteal device 200 may also be a PCD (Pacemaker-Cardioverter-Defbrillator) corresponding 
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to any Of the various commercially available imptantabfe PCDs. with the substitution of pacing or sensing leads connec- 
tor module 212 of the present invention tor the connector block assembly othenwise present The present invention may 
be practiced in conjunction with PCDs such as those disclosed in U.S. Patent Na 5.545.186 to Olson et a!.. U.S. Patent 
No. 5.354.316 to Keimel, U.S. Patent No. 5.314,430 to Bardy. U.S. Patent No. 5.131.388 to Pless or U.S. Patent No. 
5 4.821 .723 to Baker et at. Those devices may be employed directly in conjunction with the present invention, and most 
preferably are practiced such that the feedthroughs interconnecting the circuitry therein to their connector blocks Is 
located to penntt ready access between the feedthroughs and the electrical connectors disposed within the connector 
bores of connector or header module 21 2. 

10039] Alternatively, implantable medical device 200 may be an implantable nerve stimulator or muscle stimulator 

10 such as that disclosed in U.S. Patent Na 5,199.428 to Obel et al.. U.S. Patent Na 5.207.218 to Carpentier et al. or U.S. 
Patent Na 5,330,507 to Schwartz, or an implantable monitoring device such as that disctosed in Ua Patent No. 
5.331 .966 issued to Bennet et al. The present invention is believed to find viride applicatk>n to any form of implantable 
electrical device for use in conjunction with electrical leads, and is t>elieved to be particularly advantageous in those 
contexts where multiple medical electrical leads are employed and desired. 

IS [0040] In general, hermetically sealed enclosure 214 includes an electrochemical cell such as a lithium battery, cir- 
cuitry that controls device operations and records anrhythmic EGM episodes, and a telemetry transceiver antenna and 
circuit that receives downlink telemetry commands from and transmits stored data in a telemetry uplink to the external 
programmer. The drcuitry and menx>ry may be implemented in discrete logic or a micro-computer based system with 
A/D conversion of sampled EGM amplitude values. The particular electronic features and operations of the implantable 

20 medical device are not believed to be of overrMing significance in respect of practicing the present invention. One exem- 
plary operating system is descrbed in commonly assigned, co-pending U.S. patent applicatkxi Serial Na 08^78.219. 
filed July 11.1 996. for "Miramally Invasive Implantable Device for Monitoring Phy8iok)gic Events.". 
[0041 ] It is to be understood that the present invention is not limited in scope to either single-sensor or dual-sensor 
pacemakers, and that other sensors besides activity and pressure sensors could be used in practicing the present 

25 invention. Nor Is the present invention limited in scope to single-chamber pacemakers. The present invention may also 
be practiced in connection with multipleK;hamt>er (e.g.. dual-chamber) pacemakers. 

Figure 1(b) is a simplified schematic view of implanted mechank»l and bioprosthetic heart valves entxxlying the 
present Invention. Ttie bioprosthetic valve apparatus 30 is shown here as replacing the aortk: valve, and the mechanical 
valve 40 is shown here as replacing the mitral valve. 

30 Figure 2 is a more detailed illustration of a bioprosthetic heart valve embodying the present invention. Bioprosthetic 
valve 30 contains three tissue leaflets 26. which together function as a flow occluder. The valve housing 32 Is composed 
of a fabric-covered polymeric scaffoMing having three struts 28 to whk^h the leaflets 26 are attached. A sewing ring 20 
is attached drcumferentially. via suturing, to the base of the valve housing 32. Sewing ring 20 is fabricated from a doth- 
iike sheath or mesh 24 that forms a lumen 21 containing an annular polymery support frame 22, refenred to herein as 

35 a polymer insert The sheath 24 is typically polyester doth, such as Daaon^. and Is made by folding a doth sheet 
around pdymer insert 22 and sewing the folded ends together. The combinatkm of the polymer insert 22 and sheath 
24 result In a sewing ring 20 which is completely flexible yet essentially nonextensibia Polymer Insert 22 is typically 
made of radiopaque flexible silicone rubber, which albws the presence of the device to be monitored after comp l etion 
of the irrplant surgery 

40 Figure 3 is a more detailed illustration of a mechanical heart valve embodying the present invention. Mechanical valve 
40 comprises a metallic ringed valve housing 42 containing a central metallic strut 44 along whk^ the i\ON ocduder disk 
46 moves. Qoth-like sheath 24 encloses insert 43 (shown as a line in Fig. 3(c)) to form sewing ring 48 whtoh is attached 
to the valve housing 42. 

[0042] Sewing rings inserts for bioprosthetic or mechanical valves are typically fabricated from one or more of a pol- 
45 ymer. preferably silicone; a metal, preferably titanium or tarrtalum; a metal alloy, preferably titanium alloys, cobalt 
' chrome alloys, nickel chrome alloys, or stainless steels; or combinations thereof. They are used for shaping and/or 
structural support of the Implanted device, sunrounded by or encased in a cloth-type material that can be sutured. lY\e 
insert can be pliable or rigkJ. can vary in physical dimensions depending on the device, and is commonly endosed with 
pdyester fabric 

so Figures 4 and 5 Illustrate a conventional annuloplasty ring (a Duran ring) embodying the present invention. Ring 10 has 
a lumen 11 containing a generally rectangular inner core 12 of radiopaque silicone rubber which Is radially conrtpletely 
flexible. The core 12 is completely endosed by a sheath 14 of polyester doth, such as Dacron^. TYie sheath 14 is made 
by folding a doth sheet around the core 12 and sewing the folded ends together at 13. The oonft>inatk)n of the core 12 
and sheath 14 result in a ring which Is completely flexible yet essentially nonextenslble. This property allows the annu- 

55 loplasty ring or band, when Implanted In the heart to prevent the valve annulus from becoming distended, without sig- 
nificantiy irrpeding the natural motion of the annulus. The ring 10 has three trigone markers 15 sewn thereon at 120** 
inten/als to assist the surgeon in the placement of sutures. 

Another example of the implantable medical device of the invention is an implantable drug infusion device, such ias the 
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SynchroMed^ pump (Medtronic Inc.. Minneapolis. MN). which Is encased in a polyest^ pouch. The SynrchoMedO 
punp is designed for delivery of the drugs, such as baclofen or morphine, directly to the fluid of the spinal oord. by 
ir^ecting them to the intrathecal space. The pump is typically surgically implanted just under the skin of the abdomen, 
and comprises a round metal disk about 2.5 cm thick and akx>ut 7.5 cm across. The drug is injected through a small- 
diameter catheter that is inserted into the spinal fluid sunrounding the spinal cord. In accordance with the present inven- 
tion, the pump is encased in a polyester pouch, and a therapeutic agent, preferably an anti-inflammatory agent, is 
coated or adhered to the surface of the metal disk, such that the therapeutic agent is capat>le of eluting through the 
pouch. An implantable drug Infusion device according to the Inventfon having a body portion oonprising an elutable 
antinnf lammatory agent is expected to be much easier to explant as the chronic inflammatory response responsfldle for 
fibrous tissue formation is abated. 

Fabric overlayer. 

[0043] The porous "overiayer^ of the implantable medical device is fabricated from a toirtted or woven fabric which 
promotes tissue ingrowth. Preferably, the fabric is a knitted or woven fabric of polymeric fibers, although it can be fcish- 
ioned from nonpolymer fibers as well. A doth-like material is preferred for devices that are implanted using suturing 
techniques. Examples of polymeric fibers that can be knit or woven into a porous fabric included natural polymers such 
as collagen, silk, chitin. cellulose and synthetk; polymers such as polyesters, polyamides, polyurethanes. potypropyl- 
enes, polyethyleneteraphthalates (PETs), poly(tetrafluoroethylene)s (PTFEs). polyethylenes. poly(vinyl alcohoQs, poly- 
acrylonitriles. poly(glycolk; ackOs. poly(lactic acid)s. polydimethylsiloxanes. aramids. and regenerated cellufoses. 
Preferably, the porous polymeric material is a knitted or woven fabric of PET f bersw A fabric fashioned from expanded 
PTFE f bers. which are made using a heating and mechanical stretching process (D. Willkerson et al., "Biomaterals 
Used in Peripheral Vascular Surgery.'R. Greco. Ed.. Implantation Biofogy: Ihe Host Responses and Bfomedkial 
Devices. 1 79-190. CRC Press Inc.. (1994)) can also be used; a fabrk: made from expanded PTFE fibers has improved 
handling characteristics and exhibits less fraying at the suture lines than conventional PTFE fabrics. 
[0044] The porous fabric overlayer is not limited to a particular structural form, and can. for example, be a sheath, 
an encasement, an enclosure, a sheet, a layer, a film or a coating. Preferably, the fabric overlayer has strong to fairly 
high tensile strengtii. is flexible, possesses a rough neointima inducing surfoce, is easily penetrable to sutures, and is 
tear resistant to needle penetration and sutures, and is biocompatible. 

Bodyportion. 

[0045] As used herein, the term "body portion" of an implantable medical devfoe refers to the portion of ttie inrplant- 
able medical de^ce that is covered, encased or overiaid by the fabric overiayer. In other words, the device optionally 
includes other structures or portfons that are not covered by fabric. 

[0046] The kxxly portion of an implantable medical device of tiie invention can be fabricated from any desired con- 
stituent materiaJ or materials, without limitation. Preferably, the constituent material of the body portion of the device is 
biocompatible. The choice of constituent material will depend on tiie intended structure and function of the device. In 
embodiments of the device intended fa long-term use. such as stents, heart valves, annuloplasty rings, and pacemak- 
ers, it is preferred that the body portion of the device be formed from a biostable material, such as a biostable metal or 
polymer. Preferably, ttie material forming the body portion of the device is not intended for tissue Ih-growth, in contrast 
to the febric encasing it The implantable device of the invention is typfoally intended to be in contact with bodily tissues 
or fluids for extended periods of time (ag.. days, months, years). Examples of bfostatrfe polymers suitable for use as 
materials to form tiie body portion of the device include polyurethanes. such as pdyether urethane, silicones: polya- 
mkjes. such as nylon-66; polyimides; polycartx)nate8; pdyettiers; polyesters, such as polyethylene terephttialate; pol- 
yvinyl aromatics. such as polystyrenes; polytetrafluoroethylenes and other classes of fluoropolymers such as poly 
(ettiylene-chloro-trifluoroethylene), poly (ethylene-tetrafluoroethylene), poly(chloro-trifluoroethylene). fluorinated ethyl- 
ene-propylene copolymers, perfluoroalkoxy copolymers andf luoroelastomers; polyol^ins. such as polyethylenes, poly- 
proj^enes. polyisoprenes, and ethylene-alpha olefin copolymers; acrylk; polymers and copolymers; vinyl halide 
polymers and copolymers, such as polyvinyl choride; polyvinyl ethers, such as polyvinyl methyl ether; polyvinyl esters, 
such as polyvinyl acetate; polyvinyl ketones; polyvinylidine halides. such as polyvinylidene fluacle and polyvinylidene 
chforide; polyacrylonrtrile; as well as copolymers of vinyl monomers witii each other and olefins, such as ethylene- 
methyl methacrylate copolymers, acrylonitrile-styrene copolymers, acryfonitrile txitadiene styrene (ABS) resins, 
polysuHbnes. pdyetherimides. polyetherettieri^tones. polyarylketones. epoxy resins, liquid crystalline polymers, 
polyphenylene sulfides, polyphenylene oxides, polyamideimkies, polyacetals, pdyketones. polyarylates. ethylene-vinyl 
acetate copolymers, and blends of the afbre-mentioned. Polyurethanes and silicones, or combinations thereof, are 
presentiy tiie prefenred polymeric substrates in the context of this invention. Preferably, the body portion of an inplant- 
able dence of the invention is fabricated from silicone, polyurethane. or a combination thereof. 
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It should nonetheless be understood that it is well within the scope of the invention to include devices having body por- 
tions fabricated from biodegradable or resorbable materials instead of or in addition to biostabie materials, as required 
by a particular application, such as those for short-term treatment or therapy. Biodegradable polymers suited for use in 
the body portion of the device include poiy(lactic acid)s. poly(glycolic acid)s. poly(lactic-co-glyoolic acid)s, polyanhy- 
5 drides. poly(orthoester)s, poly(hydroxyt)utyrate)s, poly(hydroxyvalerate)s. polydioxanones, polyphosphazone. polyc- 
aprolactones, polyaminoacids. and collagen. Where biodegradable polymer are used to contain the therapeutic agent, 
it is not necessary that the therapeutic agent elute from the polymer; the therapeutic agent can, instead, be released 
from the polymer as a consequence of biodegradation. 

10 Drug-loading of the body portion. 

[0047] The constituent material of the txxiy portion of an implantable medical device of the invention is in intimate 
contact with one or more therapeutic agents (also referred to herein as simply "drugs"), and the body portion is fabri- 
cated such that the therapeutic agent can elute away from its surface and ultimately through the porous fabric overtayer. 

IS The therapeutic agent can be incorporated into the body portion of the Implantable medical device in a variety of ways. 
For example, the therapeutic agent can be oovalently grafted to a surface of the body portion of the device, either alone 
or with a surface graft polymer. Alternatively, it can be coated onto the surface of the body portion of the device either 
alone or intermixed with an overcoating polymer. It can also be mixed with an adhesive, such as a silicone adhesive, 
and applied to the surface of the body portion of the device, after which the fabric overiayer can, if desired, be adhered 

20 to tiie body portion of the device. It can be physically blended with a polymer of the body portion of the device as in a 
solid-solid solutioa It can be impregnated into the polymer by swelling the polymer in a solution of the appropriate sol- 
vent or imbibed into a porous metal body portion. A polymer containing a therapeutic agent can be extruded, molded, 
or coated on anottier material (&g., me^, grafted onto anotiier material, embedded within or compounded into 
anottier material, adsort>ed to another material, etc.. to form the body portion of the device. Any means by which the 

25 therapeutic agent can be incorporated into the medical device such that It is in intimate contact with a constituent mate- 
rial of the body portion of the device are within the scope of the present invention. 

[0048] In one embodiment, a polymer of the body portion of the device and a therapeutic agent are intinnately mixed 
either by blending or using a solvent in which tiiey are both solut)le (ag., xyliene for silicone and dexametiiasone phos- 
phate). Thte mixture can ttien be formed into the desired shape and incorporated into the medical device or coated onto 

30 an underiying structure of the medical device. 

[0049] Alternatively, a coating polymer, which may or may not be the same polymer that forms a primary polymer 
of a body portion of ttie device, and a therapeutic agent are intimately mixed, either by blending or using a solvent in 
which they are both soluble, and coated onto the body portion of the device. The coating polymers are preferably any 
of the biostabie polymers listed above, as long as they are able to bond (elttier chemically or physically) to the polymer 

35 of the body portion of the device. Alternatively, however, they can be any of a mie variety of bioabsort)able polymers, 
as long as they are able to bond (erttier chemically or physically) to the polymer of the body portion of ttie devica Exam- 
ples of suitable bioabsorbable polymers include poly(L-lactic acid), pdycaprolactone, poly(lactide-co-glycolide). 
poly(hydroxybutyrate). poly(hydroxyt)utyrate-co-yalerate), and others as disclosed in U.S. Pat Na 5.679.400 (Tuch). 
Additionally, a coating on ttie suriace of the body portion of ttie device can be used, for example, to control drug release 

40 rates from ttie body portion of ttie device. 

[0050] Yet anottier embodiment includes swelling ttie polymer of a body portion of the device with an appropriate 
solvent and allowing ttie antinnf lammatory agent to impregnate ttie polymer. Fa example, for polyurethane. tetrahydro- 
furan. N-mettiyl-2-pyrrolidone. and/br chloroform can be used. 

[0051] In another embodiment, a therapeutic agent is covalentiy grafted onto the polymer of a body portion of the 
45 device. This can be done with or without a surface graft polymer. Surface grafting can k>e initiated by corona discharge. 
UV irradiation, and ionizing radiation. Alternatively, the eerie ion method, previously disclosed in US. Pat. No. 5,229,172 
(Cahalan et al.), can be used to initiate surface grafting. Accordingly, a drug-containing polymer can be extruded, 
molded, or coated on anottier material (e.g., metal), grafted onto anottier material, embedded wittiin or compounded 
into another material, adsorbed to anotiier material, etc.. to form ttie body portion of ttie device. It should be noted ttiat 
60 herein, when a secondary coating polymer, surface graft polymer, or the like is used, the body portion of the device is 
defined to include this secondary polymer as well as ttie primary polymer ttiat forms ttie basic structure of the medical 
device (e.g., the sewing ring insert or the vascular graft) . 

Ukewise, the body portion of ttie implantable device can be a layered composite structure. For purposes of the inven- 
tion, it is important only ttiat the body portion of the device, however fashioned, contain a therapeutic agent and the 
55 therapeutic agent is capable of eluting from, diffusing away from, or othenvise being released from the body portion of 
the device, so as to ttien elute through ttie porous fabric overiayer of the device. 

[0052] isjotwithstanding ttie preceding, however, a ttierapeutic agent is preferably bulk loaded into the body portion 
of ttie device, such as a silicone insert at ttie time of manulacturing. Efficacy of ttie loaded drug on ttie host inf lamma- 
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tory response is dependent on the rate of drug elut'on from the insert and through the porous fabric. Preferably the drug 
release profile of cm Implantable medical device of the invention extends over at least about 30 days. 

Therapeutic Agents 

[0053] Suitable anti-inflammalory agents for use in the present invention include include both steroidal and nons- 
teroidal compounds. Preferably, the steroidal anti-inflammatory agents include gluoocortcokJs, salts, and derivatives 
thereof. Examples of such steroids include Cortisol, cortisone, fludrocortisone, prednisone, prednisolone, 6a-methyl- 
prednisolone, triamcinolone, betamethasone, dexamethasone, beciomethasone, adomethasone. amdnonide, de- 

10 bethasd. docortolona Dexamethasone (9a-fluoro-1ip^17a21-trihydrQxy-16a-methylpregna-1.4-die ne^,20-dione). 
derivatives thereof, and salts thereof are particularly preferred. Dexamethasone sodium phosphate and dexametha- 
sone acetate are suitable salts and dexamethasone-21-orthophosphate and its disodium salt are suitable derivatives. 
Nonsteroidal anti-inflammatory drugs include gold thiomalate. gold thiosuHate. auranofin. D-penidlamine. and Cox-2 
inhitxtors such as rofecoxib (Vioxx^, Dupont Merck) and celecoxib (Celebrex^, Rizer). 

IS [0054] The anti-inflammatory agent can be used in any amount that produces the desired response without detri- 
mental effects, such as cytotoxic effects or the suppression of the immune response; Typically, it is used in an amount 
or dosage appropriate for the desired duration and intensity of tiie anti-inflammatory effect. Ultimately, this is dictated 
by the type of device to which this invention is applied. Generally, it is believed, however, that less than about 1 mg of 
an anti-Inflammatory agent per square centimeter of surface area of a polymer-contacting surfece can be used to pro- 

20 duce the advantageous results described herein. Other therapeutic agents indude antibacterial or antimicrotxal agents, 
anticoagulant agents, antithron^xstic agents, antiplatelet agents, antimitotic agents, antiseptics, cuitioxidants, antime- 
tabolite agents, antiproliferative agents, anti-caldf ication agents, anti-thrombogenic agents, chelating agents, enzymes, 
catalysts, hormones, growth factors, lectins, vitamins, antibodies, antigens, nudeic adds such as DNA and RNA, pro- 
teins or peptides, polysaccharides, dyes, radioactive compounds, or any combination thereof. A preferred therapeutic 

25 agent is heparin. Preferably, the heparin is Induded in an amount effective to prevent or limit thrombosis. Heparin can 
be incorporated into the body portion of the device by coating, covalentiy bonding, or any of a variety of well-known 
techniques for incorporating heparin into a medical device. In one emtxxJiment, heparin is covalentiy bonded to the 
body portion of a device which also contains an elutat)le anti-inf lammatory agerrt^ 

[0055] Antimicrobial agents include aminoglycosides, such as gentamidn, kanamydn, neomydn, paromomydn, 

30 streptomydn and tobranriycin. ansamydns such as rifamydn and rifampin, cephalosporins such as cehpalexin, cepha- 
loridine, cephatothin, oefazdin. cephapirin, cephradine, and cephaloglydn, macrofides such as erythromydn. tytosin. 
oleandomydn and spiramycin, penicillins such as penidllin Q, penidllin V, phenettiicillin, methidllin, oxadllin, doxadllin. 
dicloxadllin, floxacillln, nafdilin, ampicillin, amoxicillin, and carbenicillin, sulfonamides, chloramphenicols, tetracydines 
such as tetiBcycline, oxytetracycllne, chlortetracydine, methacydlne, demedocydine, roliteti^cydine, doxycydine, and 

35 minocycline, polypeptides such as bacitradn, polymixins, tyrothrldn and vancomydn, and others including trimetho- 
prim-sulfamettiQxazole, linconiydn. dindamydn and spectinomydn. Particularly preferred antimicrobial agents Indude 
rifampicin and gentamidn. Antiseptic agents include silver, chlorohexidine. Irgasan. iodine and quaternary ammonium 
compounds such as benzalkonium chloride. Other examples of therapeutic agents indude cytostatic drugs such as 
amethopterin, vincristine sulfate, an vinblastine sulfate; immunosuppressive agents such as cyclosporine A and azathi- 

40 oprine, anti-cell adhesbn molecules (anit-CAMs). such as lactose-1 -phosphate and anti-tntegrin antibocfies, antioxi- 
dants such as ascortMC acid and a-tocopherpi, and others such as pentoxyf illine and cytochalasin & Standard dosages 
and administration protocols can be found, for example, in the Merck Index. 12^ Ed. (Merck Research Laboratories. 
Merck & Ca, Ina. Whitehouse Station, NJ. (1996)). the Physician's Desk Reference. 52"^ Ed. (Medical Economics 
Conpany. Ina, Montrale, NJ, (1998)), orthe Manual of Medical Therapeutics/Department of 

45 varsity Schod of Medidne. 28^ Ed. (GL A. Ewaki et al.. Eds.. Uttie. Brown Press. Boston (1995)). 

EXAMPLES 

[0055] The fdiowing examples are intended fbr illustration purposes only. AH percentages are by we^ht unless oth- 
60 enwise specified. 



15 



EP1023879A2 



Examptel 

In vitro Biological Oxidation and Environmental Sress Cracking In Polyetherurethane 
5 A. Materials and Methods 

1. Cell Isolation 

[0057] Human and ratsbrt t>lood was used as sources of the cells in these experinrrents. Blood was anticoagulated 
10 with 2 units^ml sodium heparin (Upjohn Co., Kalamazoo. Ml). Mononuclear cells (lymphocytes, monocytes) were iso- 
lated within 15 minutes by a one-step density gradient centrifugation procedure using l8opaque-1077 (a density gradi- 
ent solution) according to a nrxxJifled Boyum's method (Boyum et al., Blood Separation and Plasma Fractionation. 217- 
239, Wilsy-Liss, Inc. (1991)). The mononuclear cells were harvested and washed twice with cold Hanks balanced salt 
solution (HBSS) without Ca^*^ and Mg^**" to minimize cell aggregation. Ttie cells were then resuspended In standard 
75 media (RPMI-1640. 10% Fetal bovine serum, 0.2M L-^utamlne, 10 Ul/ml Penlciliin-G, and 0.1 mg/ml Streptomycin). 
The cell suspenston was seeded into several plastic tissue culture flasks and incubated in the presence of 5% C02 at 
37^C1br1 hour(Ackermanetal.. J. Immunol., 20, 1372-1374(1978)). After this incubatk>n, adherent (monocytes) were 
gentiy saapped from the surface and resuspended in standard media. Nonadherent cells Oymphocytes) contained In 
the supernatant were recovered into sterile tubes, and the remaining nonadherent cells washed off witfi cold HBSS. The 
20 culture flasks were washed tiiree times with cold HBSS, artd the remaining adherent cells (monocytes) were gentiy 
scrapped from the surface and resuspended in standard media. Both cell types were resuspended to a density of 3 x 
lO^Anl. 

2. Test Materials 

25 ■ ■ . 

[0058] Polymer discs. 6 mm in diameter. 0.12 ± 0.008 mm tNck, were cut out of polyetherurethane (PEU) sheets 
using biopsy punches (Prestwick Line, S.M.S. Inc., Colunina, MD). One group of polymer discs were soaked in acetone 
(AS) for 1 hour to extract polymer antioxidants, and dried at room temperature for 4 hours. The otiier group was used 
with no pretreatment (non-AS). Polymer specimens were then fitted to the bottom of the wells of SSrmicrowell cell cul- 
30 ture plates under sterile conditions. 

3. In vhro Polymer Treatments 

[0059] A 2-st^ in-vitro treatment was canied out at 37"C to mimic the in-vivo environment and fadlitate the bio- 

35 degradation Of tiie PEU sheets. 

[0060] Macrophage Treatment. The PEU f am specimens (AS and non-AS) In the nrucrowell plates were covered 
with either freshly isolated human or rabbit monocyte-derived macrophage (Mo/Mes), or human lymphocytes (3x10^ 
ceils per well) and cultured in a standard media (RPMI-1640, 10% Fetal bovine serum, 0.2M L-Qlutamine, 10 Ul/hil 
Penlcillin-G and 0.1 mg/ml Streptomydn). A 49-day macrophage treatment was conducted urxder standard concBtions 

40 (i.e., presence of 5% COg, and 95% humidity at 37^C). Other experimental variations included adding dexamethasone 
sodium phosphate (DSP) at 0.024 iigAnl and 240 ^g/inl concentrations to the culture media in the microwells. Two blank 
oorxTitions were also studied. In one, culture media only was placed into the nfucrowells. The other was prepared with 
no culture media and stored in the dark. All polymer spedmens were incut)ated tbr the time of the f iist treatment Sam- 
ples in triplicate were removed after various time periods for hydroperoxide determination. After a 49-day incubatton, 

45 spedmens were prepared in triplicate for the second step of tiie sample treatment protocol. 

[0061] FeCl2 treatment. Folkiwing the 49-day treatment with maaophages, spedmens were foMed in half and fixed 
in this positton by heat sealing the two opposite ends in such a fashion tiiat an area of increased stress in the central 
region of the spedmena This design permitted a characterization of unstrained and moderately strained polymer 
states. Stressed spedmens were incut)ated in 5 mM FeCls 8t 37^C for 10 days. Optical microscope (OM) evaluation of 

50 the samples was performed during the treatment Triplicate samples for each condition were taken after 10-day treat- 
rnem for scanning electron microscope (SEM) evalualkm of the pdymer surfe 

4. lodometry 

55 [0062] Polymer spedmens taken at various time periods during the macrophage treatment step were sonicated for 
15 minutes in distilled water, rinsed three times, and dried at 25**C for 4 hours. Hydroperoxkle (ROOH) detennination 
using an iodometric assay was performed as described by Fujimoto et al., J. Polym. Chem., 31 . 1035-1043 (1993). This 
method is based on tiie reactivity of the hydroperoxKle group, which oxkJizes kxiide to kxline. The resulting trikxiide 
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complex (I3') was measured spectrophotometricaity at 360 nm X with a Beckman DU-8 spectrophotometer (Beckman 
Instruments. Irvine. CA). This method measures the total (surlace plus bulk) hydroperoodde concentration in the poly- 
mer. 

5 5. Cell Morphology and Surlace Analysis 

[0063] The polymer films (0.12 mm thid^ were sufficiently thin and transparent to enable visualization of cells on 
their surfaces during cell cuHuring using optical microscopy (OM) with an Olympus BX40 light microscope. For SEM cell 
morphology evaluation, specimens were taken after 21 days of macrophage cell culture. They were prepared for SEM 

10 evaluation by placing them into a coM fixative solution containing "PLASMA-LYTE" A fisotonic solution from Baxter Sci- 
entific, IL) and 1 .S% glutaraldehyde. TTiey were then stored at 4<*C for 48 hours. The samples were then removed from 
the glutaraldehydr fixative, rinsed in "PLASM A-LYTE" A three times for 15 minutes each. Following this, they were post- 
fixed with Pelade's fixative (4% solution osmium tetroxide, Polysciences, Wan-ington, PA) for 2 hours. Following post- 
fixation, the samples were rinsed in "PLASMA-LYTE" A three times for 10 minutes each, and then slowly dehydrated 

IS using increasing concentrations of ethanol. They were finally critically point dried using COg. The polymer surfaces 
were also evaluated using SEM following the 1 0-day treatment with FeCl2. All SEM specimens were mounted and sput- 
ter coated with gold-palladium for 2 minutes at 10 mA (el 00 Angstroms coating thickness), using a Humme IV Sputterer 
Coater (Anatech. Alexandria. VA). Obsen/ation at different magnifications was done with a Stereoscan 360 (Cambridge 
Instruments) scanning electron miaoscopa 

20 

B. Results 

1 . Morphology of MO/M0 Monolayers 

25 [0064] The morphologic changes in the cell monolayer during the macrophage treatment step on the different sur- 
faces were studied using OM and SEM analysis. Using OM analysis, early during culture, cells in the standard media 
started increasing their size, which continued to increase over time. The Mo/Me monolayers in the standard media 
showed a variety of shapes, morphologies, and degrees of cytoplasmic spreading. The morphological changes that 
occurred between 0 and 33 days in these cells were extensive - increased size, cytoplasmic spreading, unusual shapes 

30 assumed with 60 \im diameter along ttie larger axis. A deaease in the number of cells was observed over time in the 
standard culture mecfia. MO/M0 monolayers cultured with DSP showed no increase in cell size; however, a few cells 
were observed to develop morphology similar to tiiose cultured witti standard media. 

[0065] SEM analysis of 21 -day cultured cells (standard media) showed a high degree of cell attachment and 
spreading of Mo/Mes on PEU. Cells were usually hemispherical with a central nucleus arxl extensive membrane ruff les 

35 indicating cellular activation. The dimensions of the cells varied k)etween 25 \im and 60 depending on tiie degree 
and eccentricity of the spreading. In contrast, Mo/M^ cultured in the presence of 0.024 moAtiI DSP showed a smaller 
degree of cell spreading. The latter cells also showed numerous cytoplasnvc processes (membrane prolongatior«). 
The nudei of these cells tended to be feirly hemispherical, while the cells' surfaces, wNch often included protrusions, 
adopted a variety of shapes. These cells were highly Variable in size, but were usually less than 35 mm along their 

40 larger axis. Other test conditions - human MOJM0S cultured in ttie presence of 240 ^g/imt DSP and human lymphocytes 
cultured in standard media in which a viable cell monolayer was observed under OM - showed no cells on the polymer 
surface when evaluated with SEM. 

2. Polymer HydroperoxMe Evaluation 

45 

[0066] Figures 6 (rabbit) and 7 (human) show the hydroperoxkJe concentration In the polymer specimens treated 
under ttie different conditions described above. These conditions included: (1) standard culture nriedia only (no cells); 
(2) polymer specimen stored In ttie dark under ambient conditions (wittiout culture media); (3) human and rabbit 
in standard culture media; (4) human lymphocytes in standard culture media; and (5) human Mq/M0s in stand- 

60 ard culture media plus DSP at 0.024 and 240 ^g/ml. 

[0067] The data shows an increased hydroperoxide concentration as a function of culture time and the presence of 
Mo^es. This effect was marked in AS specimens (polymer spedmens soaked in acetone before treatment) cultured 
with MQ/M0S from erttier source (rabbit or human) in standard media. By contrast AS specimens cultured witti lym- 
phocytes or Mq/M0S in the presence of DSP showed significantty lower fiydroperoxkJe concentrations. This was oom- 

55 parable to levels of hydroperoxide concentration in specimens incubated in culture media only and ttie ones stored in 
the dark under ambient conditions. Likewise, non-AS polymer specimens (not soaked in acetone before treatment) cul* 
tured with Mc^es showed ttie lowest amount of hydroperaxMes. 
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3. Surface Analysis (SEM) 

[0068] SEM examination revealed substantial pitting and cracking in the AS PEU samples exposed to MO/M0S. with 
the stressed (folded) area as the more affected surface region. In this region, cracks up to 20 ^ wide had developed. 
5 The cracks first initiated in pits to adopt a fibrillar structure and later propagated perpendicular to the applied strain 
direction caused by the fbWir^. In contrast, spedmens cultured with lymphocytes or DSP showed no significant dam- 
aige. AS PEU samples exposed to Mo/Mbs followed by FeOa showed more extensive damaga In contrast, non-AS PEU 
samples exposed to Mo/Mos followed by FeCl2 did not show appreciable surface damage. AS PEU sanples exposed 
to Mo/Mes plus DSP followed tsy FeCl2 showed only very occasional pits. 

10 

C. Conclusion 

[0069] This study indicates that macrophages are involved in polyetherurethane oxidation, probably by inducing 
hydroperoxide formation In the polymer structure. Under the influence of stress or strain, polymers with sufficient 
75 hydroperoxides degraded in the presence of Fe^^ ions in a manner that closely resembles stress cracking observed in 
WW). Ukewise. a reduction in hydroperoxide fbmnation and no later ESC development was denrK)nstrated in macro- 
phage-cuitured PEU in the presence of DSP 

Example 2 

'20 

In vitro Modulation of Macrophage Phenotype on Dexamethasone-Ljoaded Polymer and its Effect on Polymer StabQity 
in a Human Macrophage/Fe/Stress System 

A. Materials and Methods 

1; Test cell line: human monocyte-derived macrophages (Mo/Mflj) 

[0070] The In vitro method used is described in Example 1 . Human venous blood was used as the source of cells, 
which were isolated as described in Example 1 . 

30 

2. Test Materials 

[0071] Dexamethasone - Loaded "PELLETHANE" 80A (DEX/Pe80AS). To prepare these materials, before extm- 
sion, "PELLETHANE" BOA (Pe 80A, commercially available from Dow Chemical. Midland. Ml) ¥vas extracted for 24 

35 hours in a Soxhiett extractor using acetona The purpose of this process was the removal of antioxidant from the poly- 
mer. After extraction, the material was dried under vacuum at SC'C for 4 days. Dexarnethasone USP Micronized BP/EP 
(Lot 78AFT. Upjohn Co.) was vacuum dried overnight at 40**C. In order to prepare materials with different dexametha- 
sone (DEX) concentrations, the ratio of drug to polymer was varied to achieve 0.1% and 1% drug loading levels (wM). 
Extrusion of 0.02-inch films was obtained at 0.1%DEX/Pe80A and 1%DEX/Pe80A) formulations. 

40 [0072] "PELLETHANE" 80A Control (PeSOA). Using the same "PELLETHANE" 80A polymer (acetone extracted). 
0.02-indi films were extruded witiiout DEX. Extrusion conditions vwth and without dexamethasone were similar and 
were as recommended by the manufacturer. Polymer discs, 6 mm in diameter, were cut out of the PeSOA test and con- 
trol film sheets using biopsy punches. Polymer specimens (n = 16 per condition) were then fitted to the bottom of the 
wells of 98-microweil cell culture plates under sterile conditions. 

46 

3. in vitro Polymer Treatments A 2-8tap in-vitro treatment was carried out at 37*C. subetantially as descn'bed in Exam- 
ple 1. 

[0073] Macrophage Treatment. The PEU film specimens (test and controls) in the microwell plates were covered 
50 with a freshly isolated human monocyte^Jerived macrophage (hMo/Mes) monolayer at a density of 3 x 10^ cells per well 
and cultured in a standard media (RPMI-1640. 10% Fetal bovine serum, 0.2M L-Glutamine. 10 UlAnl Penidliin-Q and 
0.1 mg/rni Streptomycin). A 40-day maaophage treatment was conducted under standard conditions (i.e., 5% COg. 
95% humidity. ZTC). Freshly isolated hMo/Mes were added into the wells once a week. Immediately before tiie last cell 
refreshing, all wells were energically rinsed with culture media to detach and remove all cell components and remains, 
55 after which a fresh maaophage monolayer was applied. After this 40-day macrophage treatment polymer sanples 
were rennoved in triplicate for hydroperoxide determination and in quintuplicate for the-seoond step treatment 
[0074] FeCl2 Treatment Following ttie 40-day macrophage treatment, specimens prepared and treated as 
described in Example 1. 
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4. lodometry 

[0075] Polymer specimens taken after the 40<lay macrophage treatment step were sonicated for 1 5 minutes in dis- 
tilled water, rinsed three times, and dried at 25''C for 4 hours. Hydroperoxide (ROOH) determination using an iodometric 
5 assay was performed as described in Example 1 , 

5. Cell Morphology and Surface Analysis 

[0076] OM observation of cultured cells was performed during the macrophage treatment step. Likewise, the 
10 stressed polymer surfaces were evaluated using SEM following the 10-day treatment with FeCl2. The specimens for 
SEM evaluation were rinsed in distilled water and dried at room temperature.. All SEM specimens were mounted and 
sputter coated with gold-palladium for 2 minutes at 10 mA («100 Angstoms coating thickness), using a Humme IV Sput- 
terer Coater (Anatech. Alexandria, VA). Observation at different magnifications was done with a "STEREOSCAN" 360 
(Cambridge Instruments) scanning electron microscope. 
IS , . 

6. Kinetics of DEX Elutfon from DEX/PEU Test Materials 

[0077] DEX release profile from 0.1% DEX/Pe80A and 1% DEX/Pe80A was determined in vitro at 37»C In PBS. 
Each of the materials was run in triplicate. The procedure involved the immersion of lour 15 mm diameter disks (0.3659 
20 ± 0.02 g) in 15 ml of phosphate buffer (Product No. P-4417. Sigma Chemical Co., St Louis. MO). The average thick- 
nesses of the disks were 0.47 ± 0.06 mm. In a 32-day period at varfous timepoints, 800 |iL of bufter was removed for 
analysis and replaced with fresh buffer to keep the elution volume constant. The afiquots were coM stored (4«C) until 
analysis by HPLC. 

25 7. HPCL Analysis 

[0078] DEX was analyzed using reversed-phase chromatography and UV-visible detectfon. An octadecylsilane col- 
umn (Product isk>. 07125, Tosohaas Bioseparations Spedafists. Montgomeryville. PA) and mobile phase consisting of 
methanol and phosphate buffer (100 mM, pH 5.6) were chosen for this purpose. Furthenmore. the flow rate (1.0 
30 mlAninute) and use of detection wavelength, peak areas and autointegration remained constant for all experiments. 
From this data, a cumulative elution profile and a daily DEX elution was calculated. 

8. Cytokine Analysis 

35 [0079] In order to assess the in vitro expression of IL-1a and IL-8, human primary monocytes were incubated with 
various concentrations of DEX (2.5. 0.25. and 0.025 iig/mi) and methotrexate (50. 5, and 0.5 pg/mQ. A higher rate of IL- 
1 and IL-8 inhibition was observed with these agents, with DEX having the highest levels of inhibitfon. The inhibition 
appeared to be dose- and Incubation time-dependent. These results forther support the antHnflammatory ability and 
the effects of these agents on human maaophages. 

40 

B. Results 

1 . Morphology of Mq/M0 Monolayers 

45 [0080] The morphologic changes in the cell monolayer during the macrophage treatment step on the different sur- 
faces were studied. A 100X OM observation through a PeSOA control film showed uniform cell distribution. The mor- 
phological changes that occurred between 1 and 40 d^ in these cells were extensive and showed to be different for 
each material condition. Human Mc/Me monolayers on the test surfaces (DEX/Pe80AS) and on control surfaces 
(PeSOA) at 3 days of culture evidenced little or no differences. 

so [0081 ] At later analysis, 20 days. noticeak)le differences were ot)served anx)ng the monolayers in the different sur- 
faces. While a much higher proportion of macrophages with increased size and high degrees of cytoplasmic spreading 
were observed on Pe80A control material, Mo/Mes cultured on DEX/Pe80AS were observed to be roundly shaped with 
shorter diameters and with less density. Evaluation at 40 days of polymer treatment showed the same cell phenotype 
seen at 20 days, although a more marked effect or cells with a maximum of 60 mm diameter along their larger axis on 

55 controls and Up to 20 pm on test materials. 
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2. Polymer Hydroperoxide Evaluation 



10 
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[0082] Figure 8 shows the hydroperoxide concentration in the polymer specimens after the 40-day maaophage 
treatment step. The formation of ROOM in PeSOA followed a DEX-<Jependent effect SIgniftcantly lower ROOM concen- 
tration in DEX/Pe80A spedmens was obsen^ed. Thus, after 40 days of hMo/Me treatment, 0.5 ±0.1 and 0.9 ± 0.04 
funole ROOH/g of polymer were contained in DEX/Pe80A8 (0.1% and 1% w/w. respectively). By contrast 1.4 ± 0.02 
^mole RCXDH/g of polymer was contained in the control material. 

3. Surface Analysis (OM and SEM) 

[0083] During the FeCi2 treatment, a daily OM observation of stressed polymer spedmens was conducted at 40X 
total magnification in an Olympus SZH10 Research Stereo Microscope (Olympus Optical Ca LTD). Noticeaksle surface 
changes were evident starting at 4 days incubation in FeCl2 at ZTO. At 6 days, well-developed pits and cracks were 
visble in the areas of nlajor stress in an samples of PeSOA control material. Under the same conditions of treatment, 
both DEX/PeSOA spedmens. 0.1% and 1%, showed a shiny surface with no apparent damage. In order to expand the 
damage in the test samples and to induce damage In test materials, the FeCl2 treatment was extended up to 10 days, 
after which the samples were analyzed under SEM. 

[0084] SEM examination revealed substantial pitting and cracking in the Pe80A control samples, with the stressed 
(folded) area as the more affected surface region. In tills region, crad® up to 70 iini wide had devekaped. The cracks 
first initiated in pits to adopt a fibrillar structure and later propagated perpendicular to the applied strain direction caused 
by ttie fokling. By contrast none of the DEX/Pe80A spedmens showed damage; rather, a smooth surface was 
(Served in both DEX-containing spedmens. 

[0085] In an attenpt to obtain semiquantitative data from this evaluatton. an experimental X/Y rating system was 
adopted. In an X/Y system, which evaluates the depth of the cracks (X) and the extension of the surface affected by 
environmental stress cracking (ESC) damage (Y), the product is used to compare ttie different test conditions. .The 
results can range from 0 to 25. with the towest indicating the least damage. Table 2 shows the rating of tiie bioslabilHy 
evaluation of spedmens fdlowing a 40-day treatment witti human Mo/Mos and 10 days with FeCl2. The final rating In 
this experimental scoring method is expressed as ttie average of the product of the X and Y values. 
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In vitro Blostabillty Evaluation of DEX/Pe80A films 





Material 


ESC Rating post 40-day MO/1 0-day FeCl2 treatment 
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0/5 


1/1 


1/1 


0/5 


0.4 




DEX/Pe80A 















4$ 



SO 



n B 5. Rnal rating expressed as Mean. Observation at 70-100X. 
Experimental rating » X/Y, 

X quantifies depth of cracks and Y quantifies extent of stressed surface coverage. 

X a 0 (no changes): 1 (change but no cracks, frosted areas): 2 (pits): 3 (cracks up to halfway through the fSm wall); 
4 (confluent dfacks): 5 (cracks 100% through tiie tubing wall, f^ure). 

Y o 0 (no changes); 1 (over £20% of surface); 2 (over >20 and £ 40% off surface); 3 (over >40 and £ 60% of surfece); 
4 (over >60 and £ 80% of surface): 5 (over >80% of surface). 



4. Profile of DEX Elution from DEX/PeSOAS 



55 [0086] Rgure 9 shows ttie amount of DEX elution per material surface area (cm^ over a period off 32 days. Inde- 
pendent off ttie DEX loading in the material, an initial burst of DEX release was obsenred at day 1. As suspected, ttie 
amount of DEX release was directiy dependent on the total DEX concentration in the polymer. At the first day. 1 .6 ± 0.2 
and 19.5 ± 0.4 ^g of DEX was eluted per cm^ of material (0.1% and 1% DEX/PeSOAS. respectively). This release 
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decfined sharpi/ thereafter. From day 5 to day 32 there was a slowly decreasing level of elution. After this gradual 
decline, a release of 0.02 1 0.01 and 0.06 ± 0.03 mg/day/cm^ was registered at day 32. 

C. Conclusion 

s 

[0087] Tliis in vitro biological system has shown to be an effective tool for studying polymer degradation. The use 
of components that are present and available In the body during host responses O.a. Mo/Mes. Fe. stress) make it a 
rather realistic method to replicate ESC degradation. These observations suggest that Fe^^ Ions accelerate hydroper- 
oxide decomposition, resulting in a degraded polymer, and that the down modulation of macrophage's ability to gener- 
10 ate reactive oxygen species through a controlled DEX release prevents the initial steps that lead to polymer 
degradation. The efficacy of this approach was demonstrated in this study by the reduction of hydroperoxide formation 
and no subsequent ESC damage in polyetherurethanes (Pe80A) loaded with DEX and treated in the Mo/Mfl/Fe^ess 
system. 

IS ExanpleS 

in vivo Biostability of Dexamethasone^Polymer Coatings in an Accelerated Test Model 
A. Materials and Methods 

20 

1 . Biostability Sample Conf iguration 

[0088] Each biostability sample consisted of a piece of coated test tubing or control tubing strained to 400% elon- 
gation. PolysuKbne mandrels were used to support the strained tubing. A 2-0 Ticron suture was used to sustain the 
25 strain of the tubing samples over the mandrel& The implant material strands consisted of five samples made specif i- 
. calty Ibr test or control conditions. Each rabbit was implanted in the subcutaneous tissue of their backs with four, S-sam- 
ple strands. Each strand was identified by an attached glass bead whose color was coded to reflect the coating/oontrd 
condition. The implant material strands measured approximately 0.3 cm in diameter and 7.0 cm in length. A total of 120 
samples from 6 condittons were implanted in 6 rabbits, 20 per animal and 5 from each condition. 

30 

2. Test Coatings 

[0089] Several fonnulations of DEX/PeSOA with varied DEX concentration were prepared. On the basis of DEX 
concentrations (w/w) the solutions were 0.1% DEX/PeSOA, 1% DEX/Pe80A. 5% DEX/PeSOA and PeSOA (w/o DEX). 
3S The solutions were prepared at 5% concentration of solids in THF and were used for dip coating of "PELLETHANE* 
2363 80A tubing (PeBOA. Dow Chentical Ca, Midland, MQ, cAc (cold/ooM exbusion process), 0.070 inch ID x 0.080 inch 
OD. For negative controls Pe 2363 80A tubing, h/h (hot/hot process). 0.070 inch ID x 0.080 inch OD. was used. 
Sections of the coM/cokJ Pe80A tub'ngs were coated with the different DEX/PeSOA preparations by 1 or more dips as 
folkMTs: 

40 ^ 

PeSOA c/c tubing coated (1 <fip) with 0.1% DEX/PeSOA - resulting in about 2.4 pg/cm^ DEX initially and about 0.6 
^g/cm? DEX after 400% elongation (referred to herein as 1/0.1 DEX/PeSOA); 

PeSOA c/c tubing coated (1 dip) witii 1% DEX/Pe80A - resulting in about 22 pg/cm^ DEX initially and about 5.4 
^g/cm^ DEX after 400% elongation (referred to herein as 1/1DEX/Pe80A); 
45 PeSOA c/c tubing coated (1 dip) with 5% DEX/PeSOA - resulting in about 120 ^g/cnf DEX initially and about 30 
lig/cm^ DEX after 400% elongation (refen^ed to herein as 1/5DEX/Pe80A); and 

PeSOA c/c tubing coated (4 dips) with S% DEX/PeSOA - resulting in about 373 pg/cm^ DEX initially and about 93 
Ii/cm^ DEX after 400% elongation (referred to herein as 4/5DEX/Pe80A). 

so [0090] All the samples were sterilized with one cyde of ethylene oxide as is well known in tiie art 

3. Control Coatings 

[0091] For positive controls. PeSOA-coated (1 dip) Pe 2363 SOA tubing, c/c 0.070 inch ID x 0.080 inch OD was 
55 used. For negative controls, non-coated Pe 2363 SOA tubing, h/h, 0.070 inch x 0.080 inch OD, was used. Biostability 
samples in ttiis condition were stress relieved (&R.} at 150*C for 1 5 minutes. All sanrples were prepared at 400% strain. 
The controls were sterilized with ethylene oxida 
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4. Test Animals 

[0092] Six (6) healthy adult male or female New Zealand white rabbits were used. All test and control biostability 
samples were inplanted under general anesthesia. A total of 20 biostability samples were implanted in each animal. 

5 Due to the potential aoss effect of dexamethasone. two aninrials were implanted with controls and four animals with 
DEX-containing samples. The individual samples were assentbled into strands, with five samples per strand. Each 
strand had a colored glass bead to identify each experimental condition. They were inplanted in the subcutaneous tis- 
sue in the backs of rabbits. Two strands were Implanted on the left side of the spine parallel to the dorsal midline. Two 
strands were implanted on the right side of the spine parallel to the dorsal midline. Euthanasia and explantation of the 

10 sanples were conducted at two timepoints, 6 and 10 weeks (10 samples per condition and per timepoint). 

5. Accelerated Biostability Test Model 

[0093] An accelerated in vivo biostablltiy model was used. Sections of test and control tubings were prepared at 
IS 400% elongation. The negative control (Pe80A h/h) was stress relieved at ISO^'C tor 15 minutes. After one cyde of eth- 
ylene oMb sterilization, the sample strands were implanted. 

6. Sample Analysis ' 

20 [0094] Upon termination of the rabbits, the samples were explanted. No abnormal tissue response at the implant 
sites was noted macroscopically. The samples were debrided of tissue and rinsed in distilled water. After being dried, 
the samples were examined by optical microscopy at up to 70X without further sanple preparation. For analysis, the 
samples were rated for environmental stress cracking in a manner similar to that descrbed In Example 2 (Table 2). Each 
individual rating was slightiy (Afferent, however, the ranges of values for X and Y were similar (X s 0 (no changes) to 5 

25 (cracks 1 00% through the tubing wall, failure) and Y o o (no changes) to 5 (over >80% of surface). 

B. Results 

[0095] At the end of the 6 and 10 post-implanatation weeK 3 animals per tim^int were euttianized and the sam- 
30 pies explanted. The explanted samples were debrided of tissue and dried for optical miaoscopy (OM) evaluatbn. Rep- 
resentative sanples were also evaluated by scanning electron microscopy (SEM) (samples were dried, mounted, and 
sputter coated witii gold palladium as desaibed in Example 1). Under OM, ttie sarrples were inspected for defects and 
flaws. 

[0096] The Gverall results showed tiie following: 

35 

1 . Positive control (worst case). PeSOA (NoDEX). At 6 weeks, 4 samples showed ESC failure (Sf^ score), with shal- 
low cracks and near failure observed in 3 samples. At 1 0 weeks. ESC failure oocun'ed on ail but 2 samples. 
2. 1/0.1 DEX^e80A Test coating (0.6 |ig DEX/cm2). At 6 weeks, 6 samples showed ESC failure, and four showed 
no changes. At 10 weeks, 6 samples failed and 3 showed no ESC changes. 
40 3. 1/1 DEX/Pe80A Test coating (5.4 ±0.7 ^g DEX/cm2). At 6 weeks. 4 sanples showed failure, 1 near failure, and 5 
samples witii no ESC changes. At 10 weeks, all samples except one showed ESC fallura 

4. l/SDEX/PeSOA Test coating (30 ±0.6 Mg DEX/cm2). At 6 weeks, no failed sanples were enc^ 
6 sanples showed ESC failure. 

5. 4/5DEX/Pe80A Test coating (93.1 ^g DEX/cm2). At 6 weeks, none of 10 samples showed ESC failura At 10 
45 weeks. 4 samples showed ESC failure. The remaining 6 samples had no ESC present 

6. Negative Control (best case), PeSOA h/h S.R. (stress relieved). At 6 weeks, no ESC was found on 8 samples, 
while 2 samples showed minimal changes and shaltow cracks. At 10 weete. 4 out of 10 samples had shallow ESC 
present The remaining 6 sanples has no ESC present 

so [0097] InsomeofthelKfipcoatedspedmens. oval areas of defective ooatirig were observed. This defe^ 
to con^elate with ESC damage (cracks and shalk)w cracks) in the area. 

[0098] The protective mechanism appears to be effective as bng as an adequate amount of DEX is present in ttie 
coating. Tills is evidenced by tiie clear DEX dose-dependency of the results. Figure 10, which depicts a summary of 
the highest score in terms of ESC rating per specimen and per timepoint, graphically shows ttiat while coating witii 30 
55 ^g/cm^ DEX (1/5DEX/Pe80A) was effective in preventing surface damage up to 6 weeks, an extensive damage, similar 
to the positive control condition was observed at 10 weeks. In contrast, ooatings containing 93.1 pnQfar? DEX 
(4y5DEX/Pe80A) performed better ttian tiie positive control at botti timepoints. 
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C. Conclusion 

[0099] This study shows that dexamethasone has a protective effect on biodegradation of polymers and pre^nts 
the development of environmental stress cracking In oxidation-susceptibte polyurethane.. 

s 

Exanple4 

Anti-inflammatory Deuces: In vivo Studies 
10 A. Materials and Methods 

1. Test Animals 

[01 (N)] The animals used for implantation were 3-month-old. 250-300 g body weig^. female Sprague Dawley rats 
IS purchased from Charles River Laboratories, Wilmington. MA. 

2. Cage Test System 

[0101] The metal wire mesh from which the cages were made was type 304 stainless steel with a mesh size of 24, 
so a wire diameter of 0.254 mm. and interstices measuring 0.8 mm x 0.8 mm (Cleveland Wire Cloth and Manufacturing 
Co.. Cleveland. OH). The dimensions of the cages were approximately 3.5 cm long and 1 .0 cm in diameter. Each cage 
contained a piece of the control or test material of interest. Empty cages were used as test controls. These cages were 
packaged and sterilized with ethylene oxide as is weii known in the art. 

2S 3. Test Materials 

[0102] Dexamethasone-Loaded Polyurethane. A segmented aliphatic polyurethane as described in US. Pat No. 
4,873.308 (Coury et al.) with no additives was loaded with micronized. free base dexamethasone USP (DEX. Upjohn 
Co.) using a cosolvation process. The appropriate amount of DEX was dissolved in tetrahydrofuran (with no txrtylated 

30 hydroxytoluene). AkJrich Chemical Co., Milwaukee, Wl). followed by tiie polymer. The solutions contained 14% solids 
and 1% and 20% DEX. The solution was cast in 9.5 cm x 9.5 cm "TEFLON" trays, TTie 20% DEX-containing film was 
dried in a freezer at -irC for 4 days and then in a vacuum oven at 50*^0 and -00 inches Hg for 2 days. The 1% DEX- 
containi ng film and control film (no DEX) were dried under ani)ient conditions for 1 day. at 50**C for 4 days, and then at 
50*'C and -30 Inches Hg for 3 days. The dried 20% film had a thickness of 0.7 nnm. and the 1% film and control film had 

9S thicknesses in ttie range of 0.44 mm to 0.62 mm. Specimens weigtvng 24.97 ± 0.04 mg (control), 24.98 ± 0.05 mg (1 D), 
and 25.01 ± 0.06 mg (20D) were prepared, placed in cages, and sterilized with etiiylene oxMa 

4. Implantation Procedure 

40. [0103] One cage was implanted sutx;utaneously on each of the right and left skJes of anesthesized test animals. 
For implantation purposes, the 33 rats were divkled into 2 groups. In the first group. 15 animals were implanted. In the 
second group 1 8 animals were implanted. A 1 .0^ to 1 .5-cm incision was made int he skin about 2 cm above the tail 
and along the nvdilne. A pocket was made in the subcutaneous ^ce just below the right or left shoukJer blade using 
blunt dissection. A cage specimen was then inserted through the incision and positioned at the level of tiie panniculuc 

45 carnosus, with tiie seam placed against the underlying muscle. Another cage spedmen was implanted on the other 
side of the rat in the same fashion. The skin incision was closed viritii dips (Fisher Sdentific, Pittsburgh, PA). The dosed 
wound was then sprayed gentiy with Betadine solution. 

5. Exudate Analysis 

so 

[0104] Exudate was aspirated with syringes from the cages at days 4, 7, 14. and 21 post-implantation. To avoid 
interference witii the body's inflammatory response, no more than 0.3 ml of exudate was collected from each cage at 
each time period. Total and differential cell counts were performed by personnel with no information about the exudate^ 
identification using standard techniques. After tiie 21 <te^ exudate sampling, the rats were euthanized by cait>on dioxide 
55 asphyxiation. 
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a Total Cell Count 

[0105] To screen for the presence of infection, an aliquot from each exudate sanrple was cuftured on 5% sheep's 
biood agar plates. Immediately after the exudate was withdrawn at days 4. 7. 14. and 21 post-implantation, the total cell 
5 count for each exudate was determined by hemocytometer counting. 

7. Differential Cell Count 

[01 06] An aliquot of the exudate that contained approximately 1 5000 white t)lood cells (leukxytes) was transferred 
10 to a test tube with 300 ml RPMI-1640. Aliquots (200 \iL) of the cell suspension were spun down onto a dean glass 
irncroslide using a cytocentrifuge (Sharidon Inc., Pittsburgh. PA). These microslldes were stained with "DIFF-QUICK" 
stain (Baxter Scientific. McGraw. IL) according to the manufacturer's recommendations and used for a quantitative dif- 
ferential cell count Polymophonudear (PMMs). monocyte-derived macrophages (Mo/Mss). and lymphoctyes were the 
cell types counted for this analysis. 

IS 

8. Cage Analysis 

[0107] Following the 2lKjay exudate wighdrawal. the implanted cages were removed from the euthanized animals 
and immediately evaluated macroscopically The top edge of the cage was cut with a pair of scissors along the inner 
20 surface seam. Intact and opened cages were examined and described. After analysis, the cages were immersed into 
1-%foniialinjairs. 

[0108] To assess the amount of fibrous tissue in the explanted cages, the cages were dried at 60^C for 72 hours 
and their dry weight was recorded. Following tissue digestion by cage immersion in 6N KOH for 2 hours at 80^C. the 
weight of each stainless steel cage was again recorded. Dry tissue weight (dry tissue/(tDtal cage weight - cage's stain- 
2$ less steel weight) per cage was calculated. 

9. Material Surface Analysis 

[0109] Polymer specimens were retrieved with tweezers where possible, rinsed in "PLASM A-LYTE" A (Baxter Sci- 
50 entif ic. McGraw Park, IL), and placed onto a microslida The specimens were then cut Into two pieces with a razor blade. 
One piece was placed into a cold fixative containing "PLASMA-LYTE" A and 1.5% glutaraldehyde and stored at 4*'C. 
The other piece was placed into an alcohol fixative and subsequently stained with '^DIFF-QUICK* stain. 
The polymer films (0.6 mm thid^ were sufficiently thin and transparent to enable visualizatkm of stained adherent leu- 
kocytes using optical microscopy (OM) with an Olympus BX40 light microscope. The stained polymer ^ecimens were 
35 initially characterized on both sides, which were very similar, with numerous leukocytes adhering to each surfaca Every 
cell attached to the substrate surface was counted differentially at 45X. Each fbreign txxly giant cell (FBQC) was 
counted as one cell; although the number of nuclei contained within each FBQC was also recorded. 
[0110] For SEM evaluation, specimens were removed from tiie glutarakJehydr fixative^ rinsed in "PLASMA-LYTE" A 
three times for 1 5 minutes each and prepared as described in Exanrple 1 . 

40 

10. Statistical Analysis 

[0111] The data is presented as the mean ± SD. For total cell counts the unpaired Student's t test at 95% level of 
confidence (p < 0.05) was used to compare group means. Test materials 1 D (1% DEX) and 200 (20% DEX) were oom- 
45 pared to tiie PU control film made using THF (A) and an empty cage (EC). 

B. Results 

1. Exudate Analysis 

so 

[0112] The leukocyte densities in the exudate samples drawn from tite differential materials at 4, 7. 14. and 21 days 
post-implantation are displayed graphically in Figure 1 1 . A gradual decrease in cell density after 4 days was evident in 
all test conditions. DEX-containing materials (1 D and 20D) deariy elicited lower cell numbers during the entire Implan- 
tation time. This effect was statistically significant at 14 and 21 days for ID and at 7 days for 20D. 
55 [0113] At4days, ID elicited 90% arKj20D elicited only 40% of the cell number that was elicited in the osntrolr^ 
rial (A). At 21 days, ID exudates contained only 13.9% of the number of ceils observed in exudates from the control 
polyuretiana Unfortunately, analysis for 20D material stopped at 7 days because of infection. Comparison of tiie con- 
trol materials showed that the choice of solvent (THF and NMP) used in preparation of the PU film produced an effect 
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on the results. 

[0114] Afl cell types In the exudate, which included PMNs, macrophages, and lymphocytes, decreased over time 
post-implantation. At day 4, the leukocytes were dominated by polymorphonuclears (PMNs) and macrophages (Mos). 
At later time points, however, there was a rapid decline in the percentage of PMNs, reflecting the establishment of a 

5 chronic inflammatory response. While the concentration of the three leukocyte cell types in the exudate deaeased with 
time, the considerable decrease in PMNs provided for the percentage inaeases obsen^ for the two mononuclear ceil 
types. Only macrophages and PBGCs were present on material surfaces at 21 days, although macrophages, lym- 
phocytes, and PMNs were characteristically obsen/ed in exudates. TTie total exudate cell count for test materials con- 
taining 1% DEX (1 D) and 20% DEX (20D) elicited lower cell counts control materials A and EC, evidencing that tiiey 

10 have significanfly less potential to etidt inflammation. This effect was sustained throughout ttie study for ID. The low 
PMN numbers observed at 14 days (approximately 5 cells/|iL exudate) and 21 days (approximately 0.5 c^UpL exudate) 
in the 1 D exudates, suggests that there was little or no influx of newly recruited PMNs to ttie inflammatory sit& In ottner 
words, a mildly chronic inflammatory status prevailed after the acute phase had concluded. By contrast, PMNs were still 
present at 14 and 21 days in exudates from controls A and EC. which indicates that dexamethasone may accelerate 

IS the process toward a full wound-healing response. 

2. Material Surface Analysis 

[0115] Dramatic macroscopic differences were ot)served between DEX/PU-containing cages and other cages. 

20 Fibrous capsule formation was signrficantiy lower in 1 D cages (40.6 ± 10.6 mg dry tissue per cage) than in control A 
cages (218.1 ± 72 mg dry tissue per cage) or empty cages (207.9 ± 70.7 mg dry tissue per cage). This shows the effec- 
tiveness of dexamethasone In reducing collagen production at the tissues surrounding an Implant 
[0116] Surface analysis of materials after 21 days of irrplantation showed adherence of cells of the macrophage 
lineage. Under light microscopy at 45X. the majority of adherent cells were readily identified as PBGCs, although some 

2S of tiie obsen^ed cells showed classic macrophage morphology. 

[0117] Different densities of adherent leukocytes were present on the surfaces. Most of ttie surfaces evidenced a 
more or less random cell distribution; however, ttiere were areas of high cell population density, areas of scattered ceils 
and occasional cell aggregates, and areas of very few cells. Adherent leukocytes evidenced varied morphologies and 
degrees of cytoplasmic spreading. Some of the cells had assumed unusual shapes, and some exhibited a deterioration 

30 of the cellular membrane, resulting in considerable effacement of the cell architecture. By day 21 , some ceil debris was 
present on all surfaces, except on ID material. Since no suriace analysis was done at eariier timepoints (e.g., 4, 7. 14 
days), tiie progression in the process of cell distribution/adhesion was not explored. 

[01 1 8] Stained surfaces of 1 D material evidenced a greater macrophage to PBGC ratio on their surfeces. On these 
surfaces, several maaophages and only scattered PBGCs were observed. In contrast, a considerable number of 
3S PBGCs and only occasional macrophages were present on the control material A (polyurettiane film made with THP 
and no dexamettiasone). 

C. Conclusion 

40 [0119] This study shows that dexamettiasone-loaded polyurettiane is effective at reducing Inflammation in 
response to biomaterial implantation. 

Examples 

45 In vh/o Evaluation of Dexamettiasone-Coated Transvenous Pacing Leads 
A. Materials. Metiiods, and Results of DEX-Treated Pacing Leads 
1 . Preparation of Lead Prototypes 

so 

[0120] A set of experiments was designed to test tiie feasbility of coating pacing leads witti DEX-loaded PU formu- 
lations. A segmented alqshatic polyurettiane as described in U.S. Pat No. 4,873,308 (Coury et al.) was loaded with DEX 
through cosolvation in THP as descn'bed in Example 4. The ratio of drug to polymer was varied to achieve either 1% or 
5% drug-loading levels in solution. The appropriate amount of drug was first dissolved in THP The polymer was then 
ss added and allowed to dissolve in ttie solution. At completion, ttie solutions were 1 1% solids (w/w). Under a filtered lam- 
inar flow hood, transvenous pacing leads Model Nos. 4023 and 4523 (Medtronic Inc.. Minneapolis, MN) were weighed 
and then dipped into the DEX/PU/THP solutions. In order to vary DEX-loading in the devices, the solutions contained 
0%, 1%. and 5% of DEX (w/W). at 1 1% wt^vt total solids. A control included only a coating of PU (1 1% solids). 



25 



EP1023879A2 

[01 21 ] A dipping device was configured to control the speed of immersion of the leads into the solution. Prior to the 
coating, the electrode tips and tines were protected with a piece of polypropylene tiding and parafOm. To facilitate the 
immersion of the leads into the DEX/|x)lymer solution, a silicone coated 6.5 g. round split shot sinker (Water Gremlin 
Co.. White Bear Lake. MN) was attached distally to each lead. Leads were then lowered into tiie coating solution to a 
5 depth of 1 5 cm (lead body) at a speed of 1 .9 cm per second and then immediately lifted from the solution. Between dips 
. the coated leads were left for at least about 4 hours in a forced^r oven (QO^'C) and then vacuum dried (-30 inches Hg) 
for at least about 24 hours. 

[0122] The total weight of the coatings on the devices Increased with each additional dip. showing a good weight- 
to-dip finearity. In order to obtain a varied range of total DEX loading on tiiese devices, the coating was considered com- 

10 pleted following 2 dips for control PU-ooated leads. 3 dips for 1%0EX/PU coated leads, and 4 dips for S%OEX/PU 
coated leads. . After dipping, the devices were released from their electrode/tines protection and trimmed under nrticro- 
scope. Rnal DEX content was determined by weighing each lead Dip coating leads in the DEX/PU solutions resulted 
in tile deposition of a homogeneous polymer layer on tfie body surface. On the basis of DEX content per lead, tttree 
conditions were prepared. The final DEX loading is shown in Table 3. The coated devk^es were packaged and sterilized 

IS in ettiylene oxide before their use for elution studies or for canine implantation. 



Tabled 



DEX Loading on Coated Leads (15 cm) 




1%DEX/PU ri-ovO 


5%DEX/PU r^lgh") 


Drug loading 


Atrial 


Venfricular 


Atrial 


Ventricular 


Total DEX (mg) 


0.5 ±0.1 


0.4 ±0.1 


3.4 ±0.2 


2.8 ±0.1 


DEX/cm^ S.A. (mg) 


0.09 ±0.02 


0.08 ±0.02* 


0.6-1-0.04 


0.5 ±0.01* 


^k)te: Data esqaressed in mg, mean ± SD. n o 3. 
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2. Kinetics cH in vitro DEX Elution from DEX-Coated Pacing Leads 

[0123] The in vitro profile of DEX release from the two DEX-containing lead conditions, 1%DEX/PU and 
5%DEX/PU (*'Low" and "High* DEX loading respectively) was detemiined through elution experiments carried out at 

35 37^CinPBS. 

[0124] The coated portion (15 cm) of two leads from each condition were used for these analyses. Following the 
separatk)n of tfie electrode/tines portiori from tfie lead body (to remove tfie dexametfiasone in tfie electrode), ttie coated 
lead bodies were immersed in PBS at 37*0 and tfie eluates were analyzed using HPLC as described in Example 1 at 
different time points witiiin a 24-day period. Rgure 12 shows tfie cumulative DEX elution over time, expressed as the 

40 percentage of tfie total DEX loading per lead. Both lead conditions evidenced similar profiles of DEX elution. Following 
an accelerated elution lasting up to 10 days, it was observed tfiat tfie elution slowed down. At 24 days. 15.5% and 
1 8.7% of the total tfieoretical DEX loading was eluted from tfie "Low" (1%DEX) and "High" (S%DEX) DEX coated leads, 
respectively. Figure 13. shows tfie amount of DEX elution per material surfece area (cm^ per day over a period of 24 
days. In an initial burst of drug release, 2.7 ± 0.4 ^g and 30.8 ± 1.9 (ig of DEX was released per cnn2 of leads coated 

45 witti tfie "Low" and ttie "High" DEX conditions, respectively. The release of DEX declined sharply ttiereafter. From day 
4 to day 24 tfiere was a gradual decline in DEX releasa At ttie 24th day of tfiis experiment, 0.07 ± 0.09 \iQ and 0.7 ± 0.1 
|ig of DEX was released per cm2 for the "Low" and tfie "High" DEX conditions, respectively. Atthough in vitro elutton 
rates may be signif icantiy (fifferent from tfie elution rates in vivoi tfiese studies were useful in monitoring and validating 
the DEX loadings and tfie elution profiles of DEX coated-devices. 

so [01 25] This release profile and elution rate (data not shown) were similar to tfiat obtained witfi materials used in tfie 
in vivo cage study in Example 4. By varying tfie DEX concentration in tfie coating solutions, tfie percentage of solids in 
the coating solutions, or tfie number of dips, a useful biological range of DEX k>ading was achieved. This demonstrates 
tfie feasft>ility of obtaining coatings tfiat exhibit desired toadings and release profiles of DEX fbr spectfic devk:e applica- 
tions. Of course dip-coating may not be tfie only method for applying tfiis technology to leads and otfier devtees. It is 

55 possible that extrusion and/or co-extnjsion of DEX/PU materials couki be used. 
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B. Materials. Methods, arei Results of /f} wVd 
Evaluation of DEX-Coated Pacing Leads 
5 1. Test Animals 

[0126] The animals used tor tnplantation were canines of random sex and with ^ 25 kg body weight 
2. Lead Implantation 

10 

[0127] Three conditions of coated pacing leads were implanted into canines. As shown in Table 4, two DEX/PU 
coated lead conditions ("Low" and "High" DEX loading) and one PU-coated lead condition (control) were implanted in 
6 canines. For this study. 3 (2 ventricular and 1 atrial) leads from test or control treatment conditions were implanted per 
dog. A 3-lead-per-dog model was adopted to increase the amount of hardware within the intracaidiac chambers. The 
IS number of animals and specimens per material/condition are displayed in Table 4. 



Table 4 
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Experimental Distribution of Animals and Coated Lead/Condi- 
tions 


DEX Loading 


Coating Condition 


No. Canines 


No. Leads 


"LOW" 


1% DEX/PU 


2 


6 


"HIGH" 


5% DEX/PU 


2 


6 


NO DEX 


PU 


2 


6 


Totals 


3 


6 


18 



30 [01 28] The ventricular leads were implanted through a 3rd intercostal right thoracotomy via oosto-cervlco-vertebral 
trunk (CCTV). The atrial leads were implanted through a right jugular venotomy. With the aid of fluoroscopy, one ven- 
tricular lead was placed in the RV apex and the other ventricular lead was placed in the RV posterior wall at least 1 cm 
from the apical lead. Thresholds of less than 1 .0 V at 0.5 ms verified adequate ventricular and atrial lead placement 
using the Model 531 1 Patient System Analyzer (Medtronic Inc., Minneapolis. Mfsl). After securing leads in the vessels. 

3S the lead connector ends were tunneled to the right chest wall and capped with IS-1 pin caps. Lead placements were 
further documented with lateral ami dorso*ventral X-ray analyses. In general, the surgical and post-surgical activities 
evolved without complications. Due the nature of this study, no steroid medications were administered to any canine. 

3. Evaluation of systemic parameters 

40 

[0129] The regulatory influence of circulating steroids during the in vivo stage of implantation was evaluated. 
Severe depression of circulating levels of monocytes has been reported using (0.6 mg/g body weight 8.c.) hydrocorti- 
sone. Steroids can also depress the circulating level of T-lymphocytes in mice^ rats, and humans. Ulmrise, steroids, 
particularly at immunosupressive doses, reduce the restetance to bacterial infection. Infections, when present can be 

45 detected by changes in the differential distribution of blood cells or by positive bacterial culturing. 

[0130] In order to evaluate systemic changes tiiat might be attributat)le to DEX release (l-e.. excessive corticoster- 
oid, infection, etc.) from the treated devices, blood and hemogram analyses were performed at weeks 1, 2, 4. 8. and 12 
post implant At least one of these analyses was performed in the pre-operatory. Results showed that lymphocyte num- 
bers were eith& withir) normal range or slightiy elevated. In summary, a consistent or progressive finding of lymphope- 

so nia and/or eosinopenia was not noted in any dog on the study 

4. Intracardiac Macroscopic Pathology Evaluation 

• [0131] After 13 weeks (3 months) of lead implantation, the animals were heparinized. X-rayed, and euttianized fbl- 
55 lowing a standard procedure. Necropsy was perfomied by a pathologist who was kept blind to the cGfferent conditions 
in ttie study Spedal emphasis was focused on the intracardiac compartment to evaluate lead-tissue relationships, 
encapsulation of ttie devices, their extension, thickness etc. 

[0132] Fbltowing euttianasia, the heart was dissected, opened, and carefully removed. Right heart cavities were 
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opened through a longitudinal incision to expose the inplanted leads. Low and high magnification photographs were 
taken prior to and after opening the heart and after heart removal. After complete analysis and desaiption of the find- 
ings, the hearts were placed In 10% buffered fbmiafin. 

[0133] With minimal differences among the dogs, the proximal ends of the three leads were surrounded by fibrous 
5 tissue in the sutx^utis over the right thorax. In general, two leads (ventricular) entered the thorax directly through the 
right thoracic wall and then to the venous system through the right CCTV at a venotomy site. One lead (atrial) traveled 
anteriorly through the sutxxitis over the right scapula to the right ventral neck, where it entered the jugular vein through 
a venotomy site. Sutx:utaneous sheaths were thin arvl tightly apposed to the leads. 

[0134] Dog Receiving Leads Without DEX. Two foci of soft yellow multifocal endocardial thickening (12x4 and 0.5 
10 mm diameter respectively) were found dorsal to the inten/enous tubercle. Atrial lead. A short translucent tissue sheatfi 
(<1 cm) sunrounded the lead immecfiately distal to a secure jugular venotomy sfte. Its implantation site was verified to 
be within the right atrium appendage (RAA) in which a uniform, snrmth. and shiny tissue sheath (8 mm long) was 
observed. The rest of the body lead was free of any adherent tissue from the level of the CCTV to its Implant site in the 
right atrium appendage (RAA). Ventricular leads. Immediately distal to the CCTV venotomy site, a tissue sheath (4 mm 
IS long) covering the two leads was observed. This tissue sheath was complicated distally the presence of an eccentric 
(5 mm long) antemortem thrombus. Within the anterior vena cava (AVC). right atrium (RA). and right ventricle (RV). both 
leads were predominantly free of adherent tissue. However, within the AVC. both leads were In a common tissue 
sheath, which was in turn attached to the luminal wall of the roof of the AVC. This short tissue had snfxx)th translucent 
and uniform characteristics, and covered 7mm and 9 mm of the two leads, respectively. The lead that was implanted 
20 more on the RV wall was adhered to the free wall of the RV isy a lateral attachment. This tissue sheath with a trabecular 
musde and snrxxjth. shiny translucent tissue characteristics oovered the lead for 12 mm. 

[0135] Dog Receiving Leads Without DEX. Atrial. Implant site was secure and located on the free wall of the RAA. 
Ventricular. Immediately distal to the CCTV, both leads are in a common tissue sheath which bifurcates slighUy at its 
distal end. This tissue sheath was extended distally from the CCTV venotomy site and covered 1 .2 cm of the apical lead 

25 and 1 .1 cm of the wall lead. The apical lead was adhered to the tricuspid valve apparatus over a distance of approxi- 
mately 1 .5 cm. The most distal end of the apical lead was not visiUa implant sfte for the apical lead was secure. TTie 
caudal portion of the parietal leaflet of the tricuspid valve has its margins thickened by soft yellow tissua 
[0136] Dog Receiving Leads Coated With 1%DEX/PU. Atrial lead. At the Junction of the AVC and the crest of the 
RAA, there was a prominent soft endocardial thickening. The lead was securely implanted on the free wall of the RAA. 

30 Within flie dorsal AVC. tiiere was a multifocal yellow firm nodular erxiocardial tiiickening. Each nodule (2-3 mm diame- 
ter) were distributed over an area approximately 1 .5 cm x 1 .0 cm. Ventricular leads. CCTV venotomy sfte was secure. 
Both leads, immediately distal to the CCTV venotomy sfte, were in a common tissue sheath with a mild thrombus on ft. 
Apical and wall leads passed from the CCTV and was free of any tissue or material adhesion until ft reaches the tricus- 
pid valve, and present an adhesion to the parietal leaflet of 5 mm tong. At this adhesion sfte. the margin of the valve was 

35 thickened by a firm nodular smootii shiny tissue. Distal to the tricuspid valve, tiie leads were free of adherent tissue or 
material until reached the RVA and the interventricular septum, in which showed a secure fixation. RVW lead this the 
lead is free of any adherence of tissue or other material until it reaches Hs implant sfte in tiie RV apex. The other lead 
(RV walO has immediately to the CCTV venotomy site, two pale nodules of adherent tissue or material, each < 1mm 
diameter and a very transparent tissue sheath over a length of 3 mm. Approximately 7cm distal to the CCTV venotomy 

40 sfte, two segments of tissue sheattis (5 mm and 2mm long respectively) were observed, neither sheath was adhered to 
adjacent cardiac tissues. This lead passed tiirough ttie tricuspid valve at its caudal commteure, no adhesions were 
observed. Focal soft yelksw 6 x3 mm erKkx»rdial thickening was noted on the RV free wall. . 
[0137] Dog Receiving Leads Coated Wfth 1%DEX/PU. Atrial. Immediately d'^tal to the jugular venotomy site, the 
lead was witiiin a 1 .5 cm long smooth and shiny tissue sheath of variable ttiickness. This tissue sheath was complicated 

45 distally by an organized antemortem thrombus that was 0.5 cm bng. This lead was securely implanted in the RAA. Mul- 
tiple soft, snrKX)tii. and shiny endocardial tiiickenings on the roof of the AVC. on the anterior surface of the intervenous 
tubercle and at tiie junction of tiie RAA witti the RA and ttie AVC were observed. The RA endocardium aCQacent to the 
origin of the RAA was tiiickened by a pale opaque tissue. Ventricular. Immediately distal to the CCVT venotomy sfte, 
t)Oth leads were in a common fibrous sheath 1.0 cm long that was complicated distally with a 1.0 cm long organized 

so thrombus. One lead was noted to pass into the os of the coronary sinus arxJ into the middle cardiac vein. The middle 
cardiac vein was opened, and the lead was found to be ensheathed over the distal 6 cm of the lead. The ottier lead 
passed from the right atrium into ttie RV, where ft was securely implanted near the RVA. This lead passed through ttie 
tricuspid valve near ttie caudal commissure; ft remained free of any adhesions to the valve apparatus. The distal end of 
this lead was buried wittiin ttie trabecular muscle. The leaflets of ttie tricuspid valve had a soft, snxxAh, and shiny thick- 

55 ening in areas apposed to the RV lead. 

[01 38] Dog Receiving Leads Coated With 5%DEX/PU. Wfthin the anterior mediastinum, located at the thoracic inlet 
and adhered to ttie right first rib, an encapsulated gauze sponge was found. Atrial lead. Its implantation at the free wall 
of ttie RAA near ttie origin of tiie RAA was verified. The lead was free of any adherent tissue or material. The tip of the 
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electrode was visible from the epicardial surface through the epicardium. but no perforation was evident. Ventrkxjlar 
leads. Immediately distal to the CCTV venotomy site, the apical lead was enclosed in a tissue sheatii 7 mm long. Distal 
to this, the lead was free of any adherence of tissue or other material until it reached its implant site in the RV apex. The 
other lead (RV wall), immediate distal to the CCTV venotomy site, had two pale nodules of adherent tissue or material. 
5 each < 1 mm diameter and a very transparent 3mm tissue sheath. Approximately 7 cm distal to the CCTV venotonty site, 
two segments of tissue sheaths. (5 mm and 2 mm long, respectively), were observed, neither sheath was adhered to 
adjacent cardiac tissues. This lead passed through the tricuspid valve at its caudal oommissura No adhesions were 
obsenred. 

[0139] Dog Receiving Leads Coated With 5%DEX/PU. Atrial lead. The lead that entered the venous system 
10 through the jugular vein had its distal end within the AVC (dislodged). A tissue sheath (1 cm long) was present around 
ttie lead body Immediately distal to the jugular venotomy site. This lead was observed movable witNn its venotomy lig- 
ature. Within tiie RA. the septal wall, and around the RAA origin there were opaque thickenings of the endocardium. No 
other adherent tissue was observed on tiie rest of the body lead. Ventricular leads. Immediately distal to the CCTV ven- 
otomy site, a thin transparent 3 mm long tissue sheath, covering one lead was observed. The other lead had a nx^re 
IS translucent tissue sheath 8 mm long, which was complicated distally by the presence of an eccentric, partiy organized 
thrombus. This latter lead was adhered to tiie wall of the AVC. Distal to tiiese tissue sheaths, botti leads were free of 
any adherent tissue or material within the AVC or RA. Both leads passed through the tricusp'd apparatus and remained 
free of any adhesions A lead that passed more anterioriy in the RV was not inplanted at Its distal end but was freely 
movable. The lead tiiat passed more caudal in the RVA was securely implanted and had a 3 mm shealh at its impian- 
20 tationsite. 

5. Histology of Intracandiac Lead-Associated Tissues 

[0140] In general, occasional tissue sheaths were ot>served during the maaoscopic patiidogic evaluation. Lead- 
25 associated tissues, located at the lead portion from at least 1 cm distal from the venotomy site to at least 1 cm proximal 
to the electrode fixation site, were micrioscopically evaluated by a pathologtsL One tissue sheath per condition was 
processed for histology, and a transversal section was stained witti hematoxilin and eosin. The pathologist was kept 
blind to the treatment condition related to each specimen. 

[0141] Afthough the results from the evaluation of these ttiree specimens cannot be conclusive (n = 1). they illus- 
3a trate important findings that may be relevant to ttie different surface treatments in the study. A brief summary of tiie 
inflammatory characteristics and ranking of these sIkJes follows. The least inflamed tissue is first 

Specimen Rrom Dog Receiving Leads Coated With 5%DEX/PU. Thinnest tissue sheath, no inner zone of partiy 
organized thrombus, scant inflammation comprised of macrophages and few neutrophils. 
3S Specimen From Dog Receiving Leads Coated With 1%DEX/PU. Moderately thick tissue sheath, inner zone of 
partiy organized thromtxis, slightly more inflammation corrprised of macrophages. 

Specimen From Dog Receiving Leads Without DEX Moderately thick tissue sheatii. inner zone of partly organized 
thrombus, moderate inflammation comprised of lymphocytes, plasma cells, macrophages, eosinophils, and few 
neutrophOs. 

40 

6. Organ Evaluation 

[0142] The regulatory influence of circulating steroids during the in vivo stage of inplantatton was evaluated. The 
negative feedback control of steroids on tiie neuroendocrine axis and on the anterior pituitary is well accepted. Pro- 

45 longed 8uppressk)n of ACTIH release by steroids is associated witii degenerative changes in the hypothalamus and in 
the anterior pituitary. These processes result in histopatiiological changes in the adrenal glands. 
[0143] For tiiese analyses, tissue sections of tiie adrenal glands were harvested from each aninrial.^ 
fbr evaluation included liver, spleen. kkJney. and lungs. Gross obsenmtions of the organs were documented by the 
pathologist. These tissue specimens were processed for routine histology studies. 

60 [0144] In summary, the results showed no gross abnormalities in the evaluated organs. In the adrenal cortices of 
all dogs, the zona fasciculate cells had the foamy to vacuolated cytoplasm typk»l of active, sterokj-secreting cells. 
There was no evidence microscopically off any lymphopenia, which might result from excessive administration of ster- 
oids. Miaoscopk; evaluation of ottier organs revealed tissues with only minor abnormalities, none of which were attrib- 
utable to corticosteroki coating on lead txxlies. A consistent or progressive lymphopenia and/or eosinopenia was not 

55 noted in any dog in the study. Gross findings dkJ include a) ttie presence of a body consistent witti a gauze sponge 
found within tiie thoracic cavity of one of the dogs and b) bilateral subcutaneous carpal swelling of moderate size in 
anottier of ttie dogs. In general, all examined organs were found wittiin normal limits. 
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7. DEX Elution Studies from Explanted Leads 

10145] The leads recovered immediately after pathological evaluation were sutq'ected to In vitro elution in PBS at 
37^0. The In vitro elution experiments are descrS>ed above ("Kinetics of in vitro DEX Elution from DEX-Coated Pacing 
5 Leads"); analyses were conducted on eluates at 1 and 5 days of elution. and the DEX elution was calculated in t^ms 
of percentage of the Initial DEX loadings in each lead (Rgure 14). The accumulated S<iay DEX release (in PBS) from 
explanted "low** and "high" lead conditions was 2.6% and 3.9% of the total DEX loading, respectively. This indicates that 
during the in vivo period of implantation, up to 90 days, DEX was still present for elution. 

10 C. Conclusion 

[0146] Coating, as a modality for applying the technology to devices, has been useful in the preparation of pacing 
lead prototypes and for demonstrating the feasibility of this concept However, it is possible that extrusion and/or coex- 
trusion of DEX/PU materials may be favorable for large-scale use and manufecturing of DEX-biomedical devices. 

15 [0147] Overall, the in vivo study to evaluate the biological pedbmiance of DEX-pactng leads showed no complica- 
tions. Results showed no DEX-related systemic toxicity during the 3-month implantation, as evidenced by hematologi- 
cal parameters or by histology of target organs. At the intracardiac portion of the leads (DEX-treated portion), minimal 
or no associated tissue encapsulation was observed in DEX-coated and confrol conditions. The observed tissue encap- 
sulation were characterized as a typical reaction to polyurethane,' as assessed macroscopically. 

20 [0148] Microscopic histology of the occasional (intracardiac) lead-assodated tissue sheaths (1 per condition), 
showed various degrees of inflammation, the intensity of which was inversely related to the presence of and the dose 
of DEX on the test device surfaces. These differential inflammatory findings in lead-assodated tissue sheaths may sug- 
gest an active down-nrxxlulation of the cell functionality at the interface attributable to a localized DEX release. No sys- 
temic nor histological evidence of infection was found in the canines implanted with DEX-coated devices (n = 4) or with 

25 control devices (n a 2). 

[0149] After 3 months of in vivo implantation, explanted DEXKX)ated leads showed a detectable DEX elution. with 
an accumulated elution of 2.6% and 3.9% of the total DEX at 5 days from low** and ''high* DEX-treatment conditions, 
respectively. This indicates the presence of DEX fn the polymeric matrix during the In vivo period, suggesting an active 
DEX elution to tiie cell-biomaterial interfaca Information on DEX release from explanted leads suggested that a sus- 
30 tained DEX release was still present after 3 months of in vivo implantation. 

Example 6 

In vitro Bution Profie for Dexamethasone SiKoorie Inserts 

35 

[0150] Materials. Standard silicon inserts for sewing rings and annuloplasty rings is about 52.5 weight percent Med- 
ical Grade Silicone and about 47.5 weight percent barium sulfate (to impart radiopadty). The percentage of barium sul- 
fate can be as lew as about 40% while still allowing radiodetection of the ring. During compounding of the drug-loaded 
insert, a non-water soluble form of dexametiiasone (DEX) was added to the mixture, and a corresponding amount of 
40 barium sulfate was removed. For example, a 1% dexamethasone-loaded insert contained Si 52.5%, BaS04 46.5%. 
DEX 1% Inserts containing 5%, 2.5%. 1% and 0.5% DEX were prepared. A silicone insert was also prepared contain- 
ing botii a water soluble form of dexamethasone (DMP) and DEX. This insert contained a total of 1% dexamethasone. 
in a 3:1 ratio of DEX to DMP 

[0151] Mettiods. Cumulative release of DEX from tiie drug-loaded samples was detentiined over 71 days. The 
45 samples were completely immersed in phosphate buffered saline (PBS) and placed in and incubator at 37C. At various 
time points aliquots of PBS were removed and replaced witii fresh buffer to keep tiie elution volume constant. The 
removed aliquots were analyzed by high peribrmance liquid chromatography (HPLC) for DEX content 
Results. R^re 15 shows elution profiles for DEX-loaded inserts. Notable aspects of these profiles are the dose- 
dependent response and the slow release, tiie latter being a feature that bodes well for a long term application. By d^ 
so 71 . the 5% loaded insert released approximately 5% of its tiieoretically loaded amount, tiie 2.5% loaded insert released 
approximately 7.5% of its theoretically loaded amount and the 0.5% loaded insert released approximately 20% loaded 
amount Because non-resolution of the healing during tiie acute stage of inflammation (occurring 4-7 days after implan- 
tation) can lead to prolonged and severe chronic events in vivo, an effort was made to Increase the amount of dexam- 
etiiasone released early in the profile. It was decided to incorporate DMP. a water-soluble fbnii of dexametiiasone. into 
55 the mix. DMP elutes rapidly and provides a burst of drug as eariy as eight hours. Rgure 1 6 compares elution prof Oes of 
1% DEX-loaded inserts with 1% DEX/DMP-loaded (3:1 ratio) Inserts. As seen in Rg. 16(a). the comt>ination 
(DEX/DMP) displayed a higher profile, with an initial burst seen at day 1 . This was attrSsutable to tiie water soluble DMP 
present in the mixture. At day 29, approximately 8% of the DEX had been released and approximately 1 3% of the dmg 
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mixture had been released. Fig. 16(b) breaks the DEX/DMP curve in Fig. 16(a) into its individual components (I.e.. DEX 
and DMP). This vyras mainly to determine hew much of the two components is coming out at the different time points. A! 
day 29. approximately 9% of the DEX had been released and approximately 25% of the DMP had been released. 

5 Exanple? 

Bioactivity Studies Ibr Dexamethasone Silicone Inserts 

[0152] Dexamethasone activity is typically assessed by evaluating the effect of the drug on released inflammatory 
10 cytokines, namely interleukin la (IL*1a) and tunrx)r necrosis factor a (TNF-a). Active dexamethasone suppresses 
cytokine production. Materials and methods. Silicone inserts containing 5%, 2.5%. and 0.5% water-insoluble dexame- 
thasone (DEX) were prepared as descrOsed in Example 6. In additton, sllioone inserts containing 1% DEX, 1%DMP, and 
a 1% DEX/DMP (50:50) mixture were also prepared. 

[0153] Freshly isolated human white blood cells, suspended in RPMi 1640 media and supplemented with 10% 
IS FBS. penidilin/^eptomycin and L-glutamine. were seeded into sterile polypropylene tubes (2,000,000 cells/lube) con- 
taining the samples to be evaluated. The sample sizes were approximate^ 1 cm x 1 cm and the cell solution added to 
each tube was 1 ml. To mimic a foreign body reaction tiie white blood cells were activated witti the bacterial erKk>tQxin 
lipopolysaccharide (LPS) at 1 0 ^g/ml. After a 24 hour incubation at 37^C. the samples were removed and the contents 
of the wells were centrifuged at 3000 rpm for 5 minutes to pellet the unattached cells. The supernatants were harvested 
20 and stored at -SS^'C until used. The TNF-a and IL-1a content in the extracts were analyzed using ELlSAs (Quantikine^ 
Human TNF-a Immunoassay and Human IL-1a Immunoassay) from R&D Systems (Minneapolis, MfsQ. 
Results. Quantitation of cytokine markers is a traditional metiiod fbr evaluating inflammation. The cell media was 
assayed for IL-1a and TNF-a , two potent cytokines which are released by activated macrophages and which through 
autocrine, paracrine, and endocrine actions are known to play multifunctional roles in the inflammatory and imnume 
25 processes. As shown in Figure 1 7, elution of DEX from the inserts suppressed the release of both TNF-a and lL-1 a in 
a d06e<lependent manner, with the 5% loaded sample showing the greatest inhibitory effect. Figure 1 7 also shows the 
differences between 1% DEX, 1%DMP. and a 1% DEX/DMP (50:50) mixture. DMP, being water soluble, was observed 
to elute much quicker and therefore had the greatest effect at 24 hours. DEX, being non-water soluble, eiuted out slowly 
and.the effect was not very pronounced at 24 hours. The mixture, understandably, had an intermediate effect 

30 

Example 8 

In vitro Elution Profile fbr Polyester-Encased Dexamethasone Silicone Inserts 

35 [0154] Sample preparation. DEX loaded samples were prepared as descra^ in Example 6. The following config- 
urattons were tested and compared: 

a) 1% DEX loaded silicone wHh and wittiout polyester encasement 

b) 2.5% DEX loaded silicone with and without polyester encasement 

40 c) A 1% DEX/DMP (50:50) loaded silicone with and without polyester silicone 

[01 55] Drug loaded silicone samples of roughly similar dimensk)ns (1 .5 cm x 1 .5 cm) were cut. Rectangular pieces 
of polyester f^c. measuring approxiniately 3 cm x 1 .5 cm. were fashioned into pouches by fokJing the fabric pieces in 
half and inserting the silicone samples between the foUs. The free ends of the fabric were sewn toioietfier with 4-0 Tl- 
.45 CRON braided polyester sutures. 

[0156] Drug elution was as described in Example 6. for a time perkxi of 34 days. 

[0157] Results. Figure 18 shows tiiat tiie polyester pouches were penneable to dexamethasone. There appeared 
to be a slight, albeit insignificant, lag of the eiuted drug witii the encased material when compared to the bare material. 

so Example 9 

Rat Cage Implant Study for Polyester-Encased Dexamethasone Silicone Inserts 

[0158] The in vivo biocompatibtlrty of DEX-loaded silicone was assessed using tiie cage implant system, a method 
55 that is widely reported In the literature (R. Marchant et al.. J. Biomed. Mat Res.. 17:301-325 (1983). Cylindrical stain- 
less steel cages, containing the test samples, were inplanted subcutaneously in rats. In order to simulate a sew- 
ing/annuloplasty ring, the Si/DEX test samples were inserted within Dacron™ polyester pouches. With minimal 
mechanical interference of surrounding tissues, the cage model provkJes a "Standard inflammatory environmenf in 
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which the biocompatibtlity of the material can be studied in terms of cellular response and cell-material interactions. In 
this system, humoral and cellular components are monitored dynamically at different time points without sacrificing the 
animal. 

Materials. Micronized. free base dexamethasone USP (EDP# 221900) and dexamethasone sodium phosphate USP 
5 (EDP# 221940) were obtained from Upjohn (Kalamazoo, Ml); TI-CRON # 4 polyester thread was obtained from Davis 
and Geek (Canada) and 304 Stainless steel metal wire mesh (mesh size=:24, diam.:s0.254 mm, interstices = 0.8 x 0^ 
mm) was purchased from Cleveland Wire Cloth and Manufacturing Ca (Cleveland. OH). 

[0159] Sillcone/drug formulation. Two different iorms of dexamethasone were selected for this study. DEX, a norv 
water soluble form of dexamethasone, was used by itself, and DMR a water soluble form of dexamethasone. was used 
10 in a 75%DEX25%DMP mix. The drugs (DEX and DEX/DMP) were compounded into Medical Grade silicone (SO (Table 
I). These Si/dmg fbrmulations also contained barium sulfate, a component ttiat Is normally added to impart radiopadty 
to the final product. 



Tablet 





DEX Cone (%) 


m.DEX 


WL Silicone 


BarbmSulfale 


Total WL 


1 


1% 


0.2 gms DEX 


0.5 gms 


9.3 gms 


20 gms 


2 


1%(75DEX:25DMP) 


O.ISgms DEX -i- O.OSgms DMP 


10.5 gms 


9.3 gms 


20 gms 


3 


0% 


0.00 gms 


10.5 gnns 


9.5 gms 


20 gms 



[0160] Sample preparation. Samples of roughly similar dimensions (0.25 cm x 2.5 cm) and weights (67-71 mg) 
were cut from the manufactured silicone slakes. At a 1% drug loading the theoretical drug quantities of DEX in the sam- 

2S pies reflected a range of approximately 0.67-0.71 mg DEX Rectangular pieces of polyester fabric, measuring approxi- 
mately 1 cm X 2.75 cm. were fashioned into pouches or pillows. TNs was accomplished by folding the fabric pieces in 
half and inserting the silicone samples between the folds. The three free ends of the pouches were hand sewn with TI- 
CRON # 4 polyester tiiread. A total of 5 knots were used to keep the sample within the pouch. The sample belonging 
to treatment group E (see Table II) was encased within polyester that was heparinized using photolink technology. All 

30 handling, sizing, cutting, and wei£^ing operations were done as deanly as possible in a tissue culture Class II hood. 
The silicone samples were cleaned with forced air prior to being placed in the pouches. 

[0161] Cage test system. Cylindrical cages, measuring approximately 3.5 cm in length and 1.0 cm in diameter, 
were fabricated from stainless steel metal wire meshes. Ttie cages were then subjected to an extensive detergent 
washing and cleaning cyda In each cleaned cage a pouch was placed containing ttie control (silicone with no drug), or 
35 the test material of interest (silicone with drug). Empty cages were also used as test controls. The cage/material assem- 
blies were then triple bagged and sut)jected to one ETO sterilization cycle. 

Test animals. The animals used fa implantation were 4-month-old, 250-300g. female Sprague Dawley rats purchased 
from the Charies River Laboratories, Wilmington, MA. They were quarantined upon arrival. Each animal was numbered 
witii a tattoo prior to surgery. This study was conducted in accordance with the recognized standards of good care as 

40 outiined in ttie "Guide for ttie Care and Use of Laboratory Animals" (NIH 198Q. 

Implantation procedure. Briefly, two 1 .0 to 1 .5-cm indsions were made in the skin on either skle of the midline and atxnjt 
2 cm above ttie tail. A pocket was made in the subcutaneous space just below ttie right and left shoukJer blade using 
blunt dissection. A cage assembly was then inserted through the incision and positioned at ttie level of ttie r^uviiculus 
camosus, witii tiie seam placed against the underlying musde. The second assembly was implanted on ttie ottier skle 

45 of the rat in the same fashion. The skin indsion was closed with clips and the dosed wound was then sprayed gentiy 
witti Betadine solution. The number of animals and specimens per condition, as well as tlieir designated IDs, are cfis- 
played in Table II. A total of 30 samples (2 per rat) were implanted into 15 rats. 



Table II 



Material ID 


Material/Condition 


No. Rats 


No. Samples 


A 


Empty Cage 


3 


6 


B 


Sl/Dacron 


3 


6 


C 


1%DEX/DMP(75:25)- 


3 


6 


D 


Sl/Dacron 


3 


6 
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Table II (continued) 



Material ID 


Ateterlal/Condltlon 


No. Rats 


No. Samples 


E 


1%DEX-SI/Dacron 

1%DEX-Si/Dacron- 
Heparln 


3 


6 




Totals 


15 


30 


A&Bb oontrois ; B is the true control for C. D, and E. 



[01 62] Exudate analysis. Exudate was aspirated with syringes from the cages at days 4, 7, 1 4, arxJ 21 post-implan- 
tation. To avoid interference with the body's inflammatory response, no more than 0.3 ml of exudate was oollecled from 
each cage at each time period. To screen for the presence of infection, a drop from each extracted exudate sample was 

75 cultured on 5% sheep's blood agar plates. The total leukocyte count was determined using a hemacytometer. For dif- 
ferential ieuckocyte determination, exudates containing approximately 30,000 white blood cells (leukocytes) were trans- 
ferred to test tidies with SOOul RPMI-1640. Aliquots (200ul) of the cell suspension were spun down onto clean glass 
using a cytocentrifuge. These microslides were stained with Diff-Qulk Stain and differentially quantitated for polymor- 
phonuclear leukocytes (PMNs). monocyte-macrophages (Mo/Mos). and lymphocytes. After the 21 -day exudate sam- 

20 pling, the rats were euthanized by cartx)n dioxide asphyxiation. Cage analysis. Fblfowing the 21 -day exudate 
withdrawal, the implanted cages were removed from the euthanized animals and immediately evaluated macrosccpi- 
cally by a pathologist. The top edge of the cage was cut with a pair of scissors along the inner surface seam. Intact arxl 
opened cages were examined and described. After analysis, the cages were immersed in 10% formalin. To assess tlie 
amount of fibrous tissue in the explanted cages, the polyester pouches were first removed from the cages. The cages 

2s were then dried at GO'^C for 48 hours and their dry weights were recorded. The tissue was subsequentiy removed by 
digestion in 6N KOH for 2 hours at 80''C. and the weight of each tissueless cage was again recorded. The difference 
between these two weights provided an indication of the amount of dry f brous tissue associated with each cage. 
Histofogy. One sample each from groups B. C. D. and E. following fonrnalin f ixatton. was washiad in phosphate buffered 
saline, dehydrated through graded ethand washes and processed for paraffin embedding. Four miaometer-thin trans- 

50 verse sections were cut av6 stained with either Masson's trichrome stain or hematoxylin and eosin stains. 

Statistical analysis. All data are expressed as mean (± standard error of mean). For total cell counts Dunnett's Metiiod 
at 9S% level of confidence (p < 0.05) was used to compare group meana Comparisons of the different material sub- 
groups were as such: test materials (C, D. E) vs. control materials (B). On day 14, one high data point was removed 
from groups B and 0 for the statistical analysis. Similarly, on day 21. one high data point was removed from all the 

35 groups. 

[0163] Results. The white blood cell densities tiiat were determined in ttie drawn exudates at 4. 7. 14. and 21 days 
post implantation are displayed in Table III and Rgure 19. In general, a gradual decrease of the counts was observed 
after 4 days with aXi the test groups. The DEX-containIng materials (C. D. E) generated numbers that were oonsiderabiy 
Icw^ than both controls (A. B) at all time points. A direct comparison of the DEX-mediated counts with that of the con- 
40 trol group B. the true control for this study, revealed a statistically significant reduction at all time pointa By pooling the 
values of all the DEX-contalning materials (C, D, E) togetiier and comparing them to the control B we calculated percent 
reductions in leukocyte densities on the order of 88.5% for day 4. 82.5% for day 7. 85% for day 14. and 97.4% for day 
21. 

Table III 



White Blood Cell Density (cells/Ml) 


Day 


A 


B 


C 


D 


E 


4 


219811371 


841715445 


1467 1 805* 


754 1 322* 


6901340* 


7 


391 ± 120 


178211447 


3791341* 


2931172* 


2621141* 


14 


2721156 


521189 


63 1 52* 


93 1 85* 


721108* 


21 


4231500 


13721840 


30116* 


54150* 


24121* 



* Slalislically Signiicant at the 0.05 bvel 
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[0164] There appeared to be no obvious differences between group C. which contained the drug combination 
(DEX/DMP). and group D. which contained the single drug (DEX). Apparently, at the first tinie point of 4 days, there was 
already sufficient DEX present to effect a reduction in inflannmatory cell counts. The DEX. therefore, appeared to have 
masked the effect of DMR and that in order to observe a DMP effect a much earlier time point (pertiaps at day 1) would 
5 need to be considered. In the case of groups D and E, in which the variation between the two treatment groups was the 
heparin coating applied to the polyester fabric, the counts in group E. atthou^ not significantly different from those in 
group D, were consistently lower at all the time points. 

A maaosoopic examination of the cages following explanation further highlighted the (fifferences t>etween the Si/DEX 
and the controls The non-DEX containing cages were marked by considerable tissue ingrowth (groups A and B). This 

10 was especially pronounced in the cages that contained the polyester pouch (group B). once again attesting to the 
inflammatory nature of the material. In general, the cages of group B were extensively covered with tiiickened translu- 
cent to opaque tissue ingrowtti that was also marked with multifocal granular redness. The fabric was found to be cov- 
ered with thin tissue and had multifocal bkx)d clots on the surface. In these cages approximately 5-30% of the mesh 
was visible. In stark contrast the cages that contained tiie drug loaded samples (groups C. D, E), in general, appeared 

IS to be remarkably free of tissue ingrowtii, vn\h approximat^y 90-95% of the mesh clearly visible. The polyester material 
was covered witii a tiiin transparent layer of tissue. Out of a total of eighteen DEX containing samples only one became 
infected, and the infection was not likely drug related as it was already apparent at day 4, vvhen the exudate was exam- 
ined. In addition, the infection remained very k)calized for the entire twenty one day duration of the study and did not 
affect the second cage In the same animal. 

20 The amount of dry fibrous tissue present in the cages was quantitated and compared. The f brous capsule formation in 
the drug loaded cages (C=: 45 ± 20.63mg, Ds 22.5 ±11 .66mg. Es 13.33 ± 7.63mg) was found to be signif icantiy tower 
than control B cages (307 ± 74.81mg) and tiie empty cages (249.5 ± 31 .3mg). From ttie ttiree dmg containing groups, 
the cages witii the heparlnized pouches in group E registered the lowest fbrous capsule weight This finding appeared 
to be consistent with the lower leukoctye densities observed in Table III. 

25 [0165] The Daaon pouches from the cages were histologically analyzed to determine the nature and extent of tis- 
sue ingrowth. As was the case with the control cages (Group B). ttie Dacron pouches from the control cages were also 
characterized by extensive cellular and tissue ingrowth (Figure 20 (a)). A lingering inflammatory response, mainly in ttie 
Ibrm of macrophages and a few PMNs, was evident Also visftDle were multinucleated foreign body giant cells forming 
around individual fibers of ttie polyester fabric (Figure 20 (b)). In addrtion. the sample showed a high degree of vascu- 

do larity in and around the sample. The tissue observed on the outer surface of ttie Dacron was loosely packed and ran- 
domly oriented, a response that is consistent with ttiat observed in porous inrplants. The inner suriiace of the Daaon. 
on ttie ottier hand, revealed denser, more organized, highly oriented fibrous tissue, running parallel to tiie plane of ttie 
silicone sample. This formation is characteristic of a host reaction to non-porous implants. In contrast to the controls, 
the Dacron pouches surrounding tiie DEX-containing silkx)ne samples indicated a remarkable absence of tissue 

35 ingrowtti (Figures 20 (c) and (d)). In almost all ttie cases a very ttiin layer of fbrous tissue, sparsely populated with 
rounded macrophages, was found sun'ounding ttie outer surface of tiie fabric. 

[0166] The preceding specific embodiments are illustrative of the praclk:e of the invention. The present invention 
has furtiier utility, for example, in reconstructive surgery, such as breast implants, calf implants, facial reconstruction 
and tiie like. It is readily apparent to one skilled in ttie art that ttie present invention, relating as it does to a medical 
40 device comprising a biocompatible drug-eluting material overiakJ with a fabric that promotes tissue ingrowtti. can k>e 
practiced in a wide variety of tissue engineering applications. ^ 

Claims 

45 1 . An implantable medical device comprising a body portion overiaid by a fabric overlayer, the body portion compris- 
ing a constituent material in intimate contact witii a releasable therapeutic agent 

2. The implantable medical device of daim 1. wherein the constituent material comprises at least one material 
selected from the groqp consisting of a polymer, a metal, a metal alloy, a body tissue, collagen, and a bk)syntiietic 

so material. 

3. The irrplantable medical device of daim 2, wherein the constituent material comprises a polymer selected from the 
group consisting of silicon, polyamkle. polyimide. polycarbonate, polyether. polyester, a polyvinyl aromatic com- 
pound, polytetrafluoroethylene, poly(ettiylene-chloro-trifluoroethylene). poly(ethylene-tetrafluoroethylene). 

55 poly(chk)ro-trif luoroethylene), a fluorinated ethylene-prof^ene copolymer, a perfluoroalkoxy copolymer, a f luoroe- 
lastomer, polydefin, an ethylene-alpha olefin copolymer, an acrylic polymer, an acrylic copolymer, a vinyl halide 
polymer, a vinyl halide copolymer, a polyvinyl ether, a pdyvinyl ester, a polyvinyl ketone, a polyvinylidine halide. 
polyacrytonitrile, a vinyl monomers homocopolymer, a vinyl monomer olefm copolymer, an acrylonitnle-styrene 
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copolymer, an ABS resin, polysulfone. polyetherimide. polyetheretherketone, polyaryiketone. epoxy resin, Hquti 
crystalline polymer, polyphenylene sulfide, polyphenylene oxide, polyamideimide. polyacetal, pdyketone, polyar- 
ylate, an ethylene-vinyt acetate copolymer, and k)lends of the aforementioned polymers. 

s 4. Ttie implantable medical device of claim 3. wherein the polymer is selected from the group consisting of poly- 
urethanes. silicones and comk)inations thereof. 

5. The heart valve prosthesis of daim 1 . wherein.the constituent material comprises a metal or metal alloy. 

10 6. The heart valve prothesis of daim 1; wherein the metal or metal alloy is selected from the group consisting of tita- 
nium, tantalum, titanium alloys, cobalt chrome alloys, nickel chrome alloys, stainless steels, and combinations 
thereof 

7. The implantable medical device of any preceding daim, wherein the fabric overtayer comprises a knitted or woven 
IS fabric of polymer fibers. 

8. The implantable medical device of claim 7, wherein the pdymer fibers are selected from the group consisting of pol- 
yester, polyamide, polyurethane, polypropylene, polyethyleneteraphthalate. poly(tetrafluoroethylene). polyethylene. 
poly(vlnyl alcohol), polyacrylonltrile, poly(glycolic acid), poly(lactic add), polydimethylsitoxane, aramid. and regen- 

20 erated cellulose. 

9. The Implantable medical device of any preceding daim, wherein the therapeutic agent comprises an anti-inflam- 
matory agent 

25 1 0. The Implantable medical device of claim 9, wherein the anti-inflammatory agent is selected from the group consist- 
ing of Cortisol, cortisone, fludrocortisone, prednisone, prednisolone, 6a-methylprednisolone. trianxtnolone. betam- 
ethasone, dexamethasone. bedomethasone, adomethasone, anxinonide, debethasoi, dooortdone. gold 
thiomalate. gold thk)suKate. auranofin, D-penldlamine, rbfeooxib^ ceiecoxft), derivatives thereof, and salts thereof. 

30 11 . The implantable medical devk;e of any preceding daim, wherein the therapeutic agent oonprises an antinrticrobial 
agent 

12. The implantable medical device of daim 1 1. wherein the antimk»robial agent comprises at least one of rifampidn 
and gentamidn. 

35 

13. The implantable medical device of any preceding daim, wherein the therapeutic agent is coated onto the body por- 
tion of the device. 

14. The implantable medical device of any of dalms 1 to 12. wherein ttie ttierapeutic agent is compounded into the 
40 body portion of the device. 

15. The implantable medical devk:e of any of dalms 1 to 12. wherein the body portion of ttie device comprises a liquid 
core conprising the therapeutic agent. 

45 16. The Implantable medical device of any preceding daim, selected from tiie group consisting of a bloprosthetic or 
mechanical prostiietic heart valve, an annuloplasty ring, a vascular graft, a sewing ring, a stent a medical electrical 
lead, an indwelling cattieter, a pacemaker and a drug infusion pump. 

17. The implantable medical device of any preceding daim, wherein the fabrk: overiayer takes the form ol a sheatti. 
so pouch, an encasement, an enclosure, a layer, a film, or a coating. 

18. A bloprosthetic heart valve comprising a polymer insert containing struts attached to tissue leaflets to form a valve 
housing, wherein a fabric sheatti endoees the polymer insert to form sewing ring, said sewing ring attached drcum- 
ferenttally to ttie base of ttie valve housing, tiie valve furttier comprising an releasable therapeutic agent in intimate 

55 contact witti the polymer insert 

19. The bloprosthetic heart valve of daim 18. wherein ttie polymer insert comprises silkx>ne. 
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20. The bioprosthetic heart valve of claim 18 or 19. wherein the polymer insert comprises radiopaque flexible sHIoone 
rubber. 

21 . A mechanical heart valve comprising a metallic ringed valve housing containing a central metallic strut along which 
5 a flow occluder disk moves, wherein a fabric sheath encloses a metal insert to form a sewing ring, the valve further 

comprising a releasable therapeutic agent in intimate contact with constituent material of the \rts&t 

22. The mechanical heart valve of daim 21, wherein the metal insert comprises at least one of titanium and a titanium 
alley. 

10 

23. The heart valve of any of claims 18 to 22, wherein the tiierapeutic agent comprises an anti-inflammalory agent 

24. The bioprostiietic heart valve of daim 23. wherein the anti-inflammatory agent is dexametiiasone. a derivative 
thereof, or a salt thereof. 

IS 

25. The heart valve of any of daims 18 to 24. wherein tiie tiierapeutic agent comprises an antimicrobial agent 

26. The bioprostiietic heart valve of daim 21 or any daim dependent tiiereon. wherein the flow ooduder comprises 
pericardium or aortic root tissue from an animal. 

20 

Z7, The bioprosthetic heart valve of daim 26. wherein the flow ocduder comprises pericardium or aortic root tissue 
fromapig. 

28. A metiKxJ of making an implantable medical device comprising: 

25 

incorporating a therapeutic agent into an annular insert comprising a constituent material, such that the there- 
peutic agent is in intimate contact with the constituent material; 
endosing the annular insert in.a fabric sheath. 

30 29. The method of daim 28, wherein the constituent material comprises a polymer. 

30. The method of daim 29. wherein tiie constituent material comprises a bk>8table polymer. 

31 . The method of daim 30. wherein the biostable pdymer is selected from the group consisting of poiyurethanes. sil- 
95 Icones and combinations thereof. 

32. The method of daim 28, wherein the constituent material comprises a metal or a metal alloy. 

33. The method of claim 32, wherein the metal or metal alloy Is selected from the group consisting of titanium, tanta- 
40 lum, titanium alloys, cobalt chrome alloys, nickel chrome alloys, stainless steels, and comtxnations thereof. 

34. The method of ariy of claims 28 to 33, wherein the fabric sheath comprises polyester. 

35. The method of any of claims 28 to 33. wherein the tiierapeutic agent comprises an antl-inflamniatory agent 

45 

36. The mettiod of claim 35. wherein the anti-inflammatory agent is denimetiiasone. a derivative thereof, or a salt 
thereof. 

37. The method of any of claims 28 to 33. wherein the tiierapeutic agent comprises an antinrticrobial agent 

so 

38. The mettiod of any of daims 28 to 37, wherein incorporating a tiierapeutic agent into an annular insert comprises 
compounding ttie therapeutic agent Into the annular insert 

39. The mettK)d of any of claims 28 to 37. wherein incorporating a tiierapeutic agent into an annular insert comprises 
55 coating the therapeutic agent onto the annular insert 

40. An implantable infiiskm pump oon^idng: a punr^ comprising an interior space for containment of a liquid; 
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a delivery catheter for delivery of the liquid to a patient; and 
a polyester pouch surrounding the pump; 

said pump further comprising a constituent material in intimate contact with an anti-inf lammatbry agent said 
anti-inflammatory agent capMe of being released from the pump and eiuting through the polyester pouch. 

41 . The Implantable infusion pump of claim 40, wherein the anti-inflammatory agent is coated or adhered to the surface 
ofthepunrp. 

42. The Implantable infusion pump of dalm 41. wherein the anti-inf lammatory agent is dexamethasone, a derivative 
thereof, or a salt thereof. 
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FIG. 1A 
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FIG. 4 




FIG. 5 
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